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Synopsis. 
The heat content of 19 kinds  of iron-carbon alloys ranging from  0.07 to 5.07% 
carbon were measured at each of different  high temperatures  up  to  beyond  the 
melting point by the method of mixture, and their mean and true specific heats were 
deduced therefrom.  From the relation of the heat of peritectic reaction and carbon 
concentration,  a  value  of  14.7  calories was given as the heat of reaction per gram 
of the specimen in 0.13% carbon, and the heat of solution of y-crystal below  0.13% 
carbon  into 8-crystal decreases with the rise of temperature.  The heat  content 
and specific heat of cementite at high  temperatures were found by  extrapolation 
of  the present results, and the heat of Ao transformation of cementite was  esti-
mated  to be  9.35 calories.  The heat of fusion of o-crystal to melt into the liquid 
of  the conesponding carbon concentration is 64.90 calories per gram of  ll-crystal 
in  0.07%  carbon.  and 65.31  calories  for  tlmt in 0.03%  carbon.  The heat of 
fusion  of  y-crystal  on the solidus to  melt into the liquid  of the corresponding 
carbon  concentration  is  57.80  calories  per gram of  y-crystal in  1.70%  carbon, 
and  67.19  calories  for  that in 0.13%  carbon.  As the latent heat of fusion  of 
eutectic  alloy was found to be 60.91 calories per gram.  The heat of  transforma-
tion  of a- into ,,-iron at the As transformation point was calculated to be  5.59 
calories·  per  gram for pure iron and  16.60  calories  at 720
0  for  eutectoid  steel. 
respectively. 
The heat of solution  of  cementite into  ,,-crystal of 0.90%  carbon is  11.15 SPecific  Heat of Iron-Carbon  System at High Temperatures,  etc.  667 
calories  per gram at 720°, and decreases with the rise of temperature and  carbon 
concentration of  y-crystal.  The latent heat of fusion was obtained as the  limiting 
value of the heat of fusion, and the former is always somewhat less than the latter. 
The latent heat of fusion of cementite was found  to be 65.0 calories per gram, the 
melting temperature being estimated to be 1600°.  The heat of mixture of any two 
liquids or solids in the iron-carbon system  is proportional to the product of  their 
quantities a  and b,  and inversely proportional to the sum of these  quantities, 
being always endothermic reaction.  So the heat of mixture HI  in  these  cases 
will be given as follows; 
where 
The proportional constant J{  is a  function of temperature and the square of  the 
difference of carbon concentrations  C1  and C2  of two liquids or solids. 
§  1.  Introduction. 
As to  the  specific  heat  of  carbon  steel  at  high  temperatures, 
A. Meuthen(2),  N. Yamada(3)  and the present writer(4)  ah'eady published 
their results of experiments.  Recently, R. Averdieck(6l,  and H. Esser 
and  W. Grass(6)  newly  determined  the heat  of Al transformation by 
their experiments.  On the other hand, P. Oberhoffer and W. Grosse(7) 
and the  present .niter(8)  measured  the  specific  heat  of pure iron at 
high  temperatures.  In  carbon  steel,  however,  the  measurements 
carried out by N. Yamada,  A. Meuthen,  H. Esser and  W. Grass,  and 
R: A verdieck were limited to several  hundred degrees of temperature; 
in  the former  case  of the present writer,  the measurement was made 
up to a  little  above  1000°,  the maximum  carbon content being  2.81 
percent.  . The heat of A 0,  AI,  A2  and As transformations in carbon 
steel,  that of the  A4 transformation  and the  heat  of fusion  in  pure 
(2)  Ferrum,  10  Jahrg,  (1912),  1. 
(3)  Sci.  Rep.,  10  (1922),  453. 
(4)  Rep.  Res.  lnst.  I. G.  S. W.,  5  (1925),  No.2;  I\:inzoku-no-kenkyu,  3 
(1926),  225; Sci.  Rep.,  15  (1926),  331. 
(5)  Dr.  lng.  Diss.  Tech.  Hoch.  Aschen,  (1932). 
(6)  Stahl  u.  Eisen,  53  (1932),  92. 
(7)  Stahl u.  Eisen,  47  (1927),  576. 
(8)  Rep.  Res.  lnst.  I. G.  S.  W.,  9  (1929),  No.3;  l{inzoku-no-kenkyu,  5 
(1928),  184,  479; Sci.  Rep.,  18  (1929),  91. 668 
lI'on  were  previously  reported  by the  present writer(s), but no publica-
tion  on  the specific heat,  the heat of fusion  and that of mixture of 
iron-carbon  system  in  the  range  of  temperatures  up  to  liquid  iron 
has  never  been  published.  'l'hese  constants  being,  however,  very 
important  in  the  operation  of the  manufacture  of steel,  the  prcsent 
writer  ilevvly  determined  the  specific  heat  of these  steels  and  calcu-
lated  them  at  high  temperatures  in  the  range  above  mentioned. 
From the results thus obtained, he determined the equilibrium diagram 
of iron-carbon  system,  and  obtained therefrom  the  heat  required  for 
the  peritectic  and  eutectic  reactions.  He  also  obtained  the  heat 
of the Ao,  Al and A2  transformations  of  hyper-eutcctic  cast  iron  of 
4.81 % carbon.  From  the  observed  results,  he  also  obtained  by 
extrapolation  the  specific  heat  of  cementite  at  high  temperatures, 
its heat of solution as well  as that of fusion,  the latent heat of fusion. 
of  cementite  at  high  temperatures.  Moreover,  from  these  results, 
he  intended  to  determine  thc  relation  existing  among  these  heat 
quantities  in  iron-carbon  system. 
§  II.  Specimens and Method of Experiments. 
The  specimens  used  in  the  present  experiment  were  prepared 
by alloying electrolytic iron manufactured by the Institute  of Physical 
and Chemical Research, Tokyo, with sugar charcoal.  The  specimens 
which  contained  various  concentrations  of  carbon,  were  made  into 
the form of a  short  cylinder, 10",12 mm in diameter and 13,,:,,15 mm 
. in  length. 
The  method  and the apparatus  in this  experiment  were  exactly 
the  same  as  those  used  in  the  writer's  previous  experiment(lQ).  In 
the measurement at very high temperatures,  especially in semi-molten 
or molten state, the temperature was very slowly reduced from 5
0 ,..,.,10
0 
above the required point,  and after keeping it constant at this  point 
for  about  20  minutes,  the  specimen was  let fall into the calorimeter. 
(9)  Rep. Res. lust. 1. G. S. W., 6 (1926), No.5;  7 (1927), No.9.  Kinzoku-
no-kenkyu,  3  (1926),  385, 527;  Sci.  Rep.,  16  (1927),  775,  1009. 
(10)  Rep.  Res.  lust.  1. G. S. W.,  1. c. Spedfic Heat  oj Iron-Carbon System at High  Temperatures,  etc.  669 
The "vater in the calorimeter "yas 500 grams and its water equivalent was 
found to be  .16.5 grams.  The rise of temperature of watcl' in the calori-
meter  was read  by  a  Beckmann thermometer,  and the temperature-
time  curve  extending  before  and  after  the  fall  of  the  specimen  in 
water was obtained, from which the true rise  of temperature including 
the loss  of heat by radiation was  deduced as usual.  The specimens 
were  thoroughly  polished  before  each  experiment,  all  other  particu-
lars being the same as in the previous experiment.  It may be safely 
assumed that the inside  of  the  specimen  was  uniformly  heated(ll)  in 
view of the size of the specimen and of the time kept constant.  The 
range  of temperatures,  in which the specific heat of carbon steels  was 
measured,  is  above  900
0
,  and  the  specific  heat  below  this  range  is 
found in my former paper(12).  19 kinds of specimen were used,  their 
chemical  analysis  being  shown  below:-
. 
-
Sp. No.  C  (%) 
1  0.07 
2  0.11 
:-1  0.13 
4  0.19 
5  0.30 
6  0.41 
7  O.RI 
8  0.77 
9  1.05 
10  1  1.33  I 
11  1.57 
12  1.85 
13  2.40 
14  2.90 
15  3.00 
16  3.50 
17  4.:-10 
18  4.81 
19  5.07 
Chemical Analysis  of Specimens  of 
Iron-Carbon Alloys, 
Si(%)  I Mn(%)  I  P{%) 
0.034  0.030  0.012 
0.027  0.042  0.019 
0.022  0.034  0.013 
0.034  0.040  0.017 
0.019  0.038  0.020 
0.043  0.210  0.002 
0.101  0.069  0.040 
0.100  0.075  0.023 
0.050  0.060  0.023  . 
0.107  0.077  0.025 
0.047  0.070  0.027 
0.065  0.080  0,015 
0.040  0.070  0.012 
0.060  0.020  0.016 
0.070  0.050  0.011 
0.060  0.060  0.012 
0.090  0.080  0.021 
0.040  0.040  0.003 
0.098  - 0.018 
(11)  Sci.  Rep.,  1.  c. 
(12)  Sci.  Rep.,  14  (1926\,  331. 
s (%)  Cn  (%) 
0.017  0.06 
0.028  0.05 
0.023  0.04 
0.031  0.22 
0.024  0.04 
0.024  0.20 
0.023  0.08 
0.041  0.21 
0.006  0.03 
0.041  0.049 
0.011  0.03 
0.010  0.05 
0.020  0.01 
0.070  0.01 
0.020  0.30 
0.020  0.01 
0.037  0.02 
0.018  0.05 
0.045  •  0.005 670  Sab~tro Umino. 
All  these specimens,  after they were subjected to the calorimetric 
measurement,  were  examined under a  microscope,  but no  graphitiza-
tion  could  be  detected. 
The following  is  the formula used in the calculation of the mean 
specific  heat  of the specimen: 
where 
c=  (w+ liV)(t2-tO)  , 
m(t1-t2) 
C = Mean  specific  heat  of the  specImen, 
'IV = Water  equivalent  of  the  calorimeter, 
W = Mass  of water in the calorimeter, 
tn =  Mass  of the  specimen, 
to= Initial  temperature  of  water  in  the  calorimeter, 
tl  = Temperature  of the  specimen  heated, 
t2 =  Temperature of water  in  the  calorimeter  raised 
by the heated specimen. 
§  III.  Results of Experiments. 
The  results  of  experiments  are  given in  the  following  Table  1, 
eachbcing the mean of two  or three independent  observations. 
Table  1. 
No.  1  (0.07% C). 
Initial  Final  Difference  Total  lVI.S.H.  Weight 
temp.  temp. 
[ 
cal. 
(to)  (12)  t2-IO  t1-/2  q(tcO)  (t1-/2)  (gram) 
21.368  24.442  3.074  875.6  147.502  0.1639  11.0622 
22.416  24.895  2.479  875.1  147.722  0.1641  8.9164 
Mean 147.612  0.1640 
23.234  24.723  1.242  975.3  161.02  0.1610  8.1941 
23.310  26.720  3.410  973.3  161.23  0.1612  11.2254 
Mean  161.13  0.1611 Specific Heat of Iron-Carbon System at High Temperatures,  etc.  671 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  cal. 
(to)  (t2)  t2-to  I  t1-t2  q(t1-0)  (t1-t2)  (gram) 
22.456  25.966  3.510  1074.0  177.803  0.1616  10.1452 
22.610  24.742  2.132  1075.3  177.682  0.1615  6.3371 
Mean  177.743  0.W16 
23.103  26.482  3.379  1173.5  194.821  0.1624  9.1612 
23.006  25.995  2.989  1174.0  194.787  0.1623  8.1012 
Mean  194.804  0.1623 
23.204  27.945  4.741  1272.1  211.835  0.1630  11.8150 
23.107  26.717  3.610  1273.3  212.064  0.1631  8.9765 
Mean  211.950  0.1630 
23.306  27.665  4.359  1372.3  229.465  0.1639  10.0107 
23.314  27.616  4.302  1372.4  229.632  0.1640  9.8711 
Mean  229.549  0.1640 
20.311  24.097  3.786  1425.9  238.363  0.1644  8.3412 
21.663  25.657  3.994  1424.3  238.240  0.1643  8.8145 
Mean  238.302  0.1644 
19.446  23.341  3.895  1456.7  245.921  0.1662  8.3116 
20.041  23.295  3.254  1456.7  245.720  0.1667  6.9216 
Mean  245.321  0.1664 
18.922  24.449  5.527  1475.6  256.582  0.1711  11.3112 
19.214  22.936  3.722  1477.1  256.391  0.1709  7.6144 
20.333  24.785  4.452  1475.2  256.771  0.1712  9.1055 
. 
Mean  256.582  0.1711 -
672 
Initial 
temp. 
(to) 
18.623 
19.442 
20.313 
23.55 
20.02 
20.10 
19.44 
Initial 
temp. 
(to) 
21.763 
20.317 
22.168 
22.081 
21.682 
22.313 
Final 
temp. 
(12) 
23.896 
25.071 
23.777 
28.028 
23.980 
24.854 
23.712 
Final 
temp. 
(t2) 
25.268 
23.114 
25.626 
25.590 
25.166 
24.780  . 
Saburo Umino. 
Difference  Total 
cal. 
~-Io  I  t1-12  q(tl-O) 
5.273  1491.1  282.062 
5.629  1489.9  281.145 
3.464  1491.2  283.012 
Mean  282.073 
4.478  1512.0  321.806 
3.960  1516.0  322.336 
Mean  322.071 
4.754  1545.2  326.775 
4.272  1546.3  328.713 
Mean  327.734 
No.2  (0.11 %  C). 
Difference  Total 
cal. 
q(tcO) 
3.505 
2.797 
3.458 
3.509 
3.504 
2.467 
874.7 
876.9 
147.674 
147.368 
Mean  147.521 
974.4  161.571 
974.4  161.312 
Mean  161.442 
1074.8  177.004 
1075.2  177.861 
Mean  177  .433 
M.S.H. 
(11-t2) 
0.1862 
0.1856 
0.1868 
0.1862 
0.2090 
0.2093 
0.2091 
0.2081 
0.2094 
0.2088 
M.S.H. 
0.1641 
0.1637 
0.1639 
0.1616 
0.1613 
0.1615 
0.1609 
0.1617 
0.1613 
Weight 
(gram) 
9.8112 
10.5155 
6.4233 
7.3211 
6.4455 
7.6356 
6.8155 
\Veight 
(gram) 
12.6132 
10.0656 
11.3452 
11.5311 
10.4631 
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Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp. 
I 
cal. 
(to)  (t2)  t2-tO  t1-t2  q(t1-0)  (t1- 1 2)  (gram) 
23.334  27.259  3.fr25- 1172.7  194.312  0.1619  l(~.6744 
22.675  25.981  3.306  1174.0  194.522  0.1621  8.9712 
Mean  194.417  0.[620 
22.246  26.197  3.951  1273.8  211.204  0.1625  9.8613 
22.103  25.384  3.281  1274.6  212.251  0.1633  8.1426 
Mean  211.728  0.1629 
26.074  30.000  3.926  1370.0  229.012  0.1636  9.0483 
23.010  27.445  4.435  1372.6  230.812  0.1649  10.1219 
23.246  26.585  3.339  1373.4  229.642  0.1640  7.6542 
Mean  229.822  0.1645 
24.473  28.878  4.405  1421.1  239.011  I 
0.1648  9.7133 
23.105  27.026  3.921  1423.0  238.804  0.1647  8.6417 
Mean  238.907  0.1648 
23.353  27.873  4.520  1452.1  244.901  0.1655  9.7167 
22.168  25.847  3.679  1454.2  245.103  0.1656  7.8915 
Mean  245.002  0.1655 
21.351  25.983  4.632  1464.0  255.870  0.1717  9.5156 
19.644  23.698  4.054  1466.3  256.003  0.1718  8.3121 
20.612  24.202  3.590  1465.8  257.261  0.1727  7.3261  , 
Mean  25G.378·  0.1721 
20.121  25.303  5.182  1474.7  270.999  0.1807  10.0461 
23.011  26.930  3.919  1473.1  272.340  0.1816  7.5677 
19.657  23.980  4.323  1476.0  272.031  0.1814  8.3411 
Mean  271.790  0.1812 674  Sabur8 Umino. 
Initial  Final  Difference  Total  :M.S.H.  Weight 
temp.  temp.  caL 
(to)  (12)  t2-tO  I 
t1-/2  q(tcO )  (tl -12)  (gram) 
20.336  25.093  4.757  1487.9  289.502  0.1917  8.6311 
19.691  23.157  3.466  1486.8  290.200  0.1922  62650 
:iHean  289.851  0.1920 
19.134  21.976  2.842  1518.0  322.031  0.2091  4.625 
19.818  24.591  4.773  1515.4  320.713  0.2083  7.8113 
:Mean  321.372  0.2087 
20.516  24.968  4.452  1545.0  327.510  0.2086  7.1344 
20.136  23.613  3.477  1546.4  326.650  0.2081  5.5811 
Mean  327.080  0.2083 
No.3  (0.13% C). 
Initial  Final  Difference  Total  lVI.S.H.  Weight 
temp.  temp.  caL 
(to)  (t2)  t2-tO  I 
t1-t2  q(tl-O)  (tl -t2)  (gram) 
22.011  25.274  3.263  874.7  147.516  0.1639  11.7552 
19.981  22.690  2.709  877.3  147.188  0.1635  9.7534 
Mean  147.352  0.1637 
23.104  26.246  3.142  973.8  160.812  0.1608  10.3633 
24.412  26.733  2.321  973.3  161.321  0.1613  7.6348 
Mean  161.067  0.1611 
23.143  27.010  3.867  1073.0  177.741  01616  11.5187 
22.479  26.064  3.585  1073.9  177.943  0.1618  10.6567 
Mean  177.842  0.1617 Specific Heat of Iron-Carbon  System at High Temperatures,  etc.  675 
Initial  Final  Difference  Total  :M.S.H.  Weight 
temp.  temp.  cal. 
(to)  (t2)  t2-tO  I 
t1-i2  q(~-O)  (t1-t2)  (gram) 
23.366  27.464  4.098  1172.5  194.520  0.1621  11.1367 
23102  26.034  2.932  1174.0  194.243  0.1619  7.9681 
:Mean  194.332  0.1620 
tF 1300
0
, 
22.518  26.551  4.033  1273.5  211.691  0.1628  10.0456 
21.558  25.139  3.581  1274.9  211.591  0.1628  8.9127 
Mean  211. 641  0.1628 
24.637  28.500  3.863  1371.5  230.051  0.1643  8.8544 
24.019  28.825  4.806  1371.2  229.653  0.1640  11.0366 
Mean  229.852  0.1642 
22.669  26.744  4.075  1433.3  240.522  0.1647  8.9144 
23.107  26.480  3.373  143:{.5  240.911  0.1650  7.3655 
Mean  240.717  0.1649 
23:715  28.096  4.381  1458.9  260.214  0.1750  8.8633 
24.212  27.735  3.523  1459.3  258.433  0,1738  7.1744 
Mean  259.324  0.1744 
24.313  28.943  4.630  1461.1  263.811  0.1771  9.2455 
22.616  26.998  4.382  1463.0  262.815  0.1764  8.7710 
20.110  24.103  3.993  1465.9  263.307  0.1767  7.9613 
Mean  263.311  0.1767 
19.760  25.200  5.440  1474.8  274.100  0.1827  10.4161 
21.065  24.752  3.687  1475.3  275.140  0.1834  7.0367 
Mean  274.620  . 0.1831 676  Sabttr6  Umino. 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp. 
I 
cal. 
(to)  (t2)  t2-tO  1 1-12  q(tl-O)  (t1-t2)  (gram) 
20.612  25.398  4.786  1484.6  300.715  0.1992  8.3611 
20.618  25.274  4.656  1484.7  301.321  0.1996  8.1167 
21.716  25.793  4.077  ·1484.2  300.133  0.1988  7.1375 
I 
Mean  300.723  0.1992 
20.618  25.412  4.794  1514.6  320.533  0.2081  7.8542 
19.231  23.403  4.172  1516.6  321.095  0.2085  6.8153 
Mean  320.764  0.2083 
20.106  25.080  4.974  1544.9  326.330  0.2079  8.0011 
19.912  24.207  4.295  1545.8  326.650  0.2081  6.8971 
Mean  326,490  0.2080 
No.4  (0.19 %  C). 
Initial  Final  Difference  Total  I 
M.S.H.  Wei~ht 
temp.  temp. 
I 
cal. 
I  (Iol  (t2)  t2-tO  1 1-t2  g(ll-O)  (t1-12)  (gram) 
22.637  25,724  3.087  874.3  146.757  0.1631  11.1817 
21561  24.050  2.489  876.0  146.911  0.1632  8.9931 
Mean  146.834  0.1632 
22.261  26.045  3.784  974.0  160.302  0.1603  12.5181 
21.478  24.644  3.166  975.4  160.716  0.1607  10.4312 
:Mean  160.509  0.1605 
24.162  28.117  3.995  1071.9  177.411  0.1613  11.8165 
22.415  25.840  3.425  1074.2  177.802  0.1616  10.1896 
Mean  177.607  0.1615 Specific Heat of Iron-Carbon System at High Temperatures,  etc.  677 
11 =  1200°, 
Initial  Final  Difference  Total  lVI.S.H.  Weight 
temp.  temp. 
I 
cal. 
(to)  (t2)  t2-tO  '1-1 2  g(ll-O)  (tl -12)  (gram) 
24.233  2S.557  4.324  1171.4  194.120  0.1618  11.7852 
21.625  25.562  3.937  1174.4  194.542  0.1621  10.6828 
Mean  194.311  0.1619 
19.3G7  24.243  4.876  1275.8  211.832  0.1630  12.1140 
19.512  23.067  3.555  1276.9  212.272  0.1633  8.8063 
Mean  212.052  0.1631 
I 
-
24.471  28.853  4.382  1371.2  229.301  0.lH38  10.0781 
23.G73  27.500  3.827  1372.5  I 
230.101  0.1644  8.7615 
:Mean  229.651  0.1641 
24.123  28.037  3.914  1422.0  238.762  0.1647  S.G333 
23.124  26.666  3.542  1423.3  238.544  0.1645  7.8122 
Mean  238.G53  0.1646 
24.312  I 
28.454  4.142  1441.6  I  245.155  0.1668  88982 
22677  26.168  3.491  1443.8  244.301  . 0.1662  7,S97G 
21.461 
I  24642  3.181  1445.4  245.307  0.1(369  6.8111  ! 
Mean  244.921  0.1666 
19.471  23.383  3.912  1456.6  252.011  0.1703  8.1465 
20.468  24.262  3.794  1455.7  253.912  0.1716  7.8461 
22.134  25.245  3.111  1454.8  252.830  0.1708  6.4657 
Mean  252.818  0.1709 
21.306  25.598  4.292  1464.4  277.077  0.1860  8.1414 
19.882  23.857  3.975  1466.1  277.041  0.1859  7,5313 
21.478  24.891  3.413  1465.1  277.335  I  0.lS61  6.4639 
-
IVlean  277.151  0.18BO 678  Saburo  Umino. 
• 
Initial  Final  Difference  Total  lVI.S.H.  Weight' 
temp.  temp.  cal. 
(to)  . (t2)  t2-to  I 
1 1-12  g(teO)  (t1-t2)  (gram) 
19.775  24.234  3.459  1415.8  291.812  0.1945  8.0216 
21.634  25.188  3.554  1474.9  293.206  0.1955  6.3681 
20.464  24.263  3.799  1475.7  292.542  0.1950  6.8177 
Mean  292.520  0.1950 
20.057  24.661  4.604  1495.3  315.673  0.2077  7.6577 
21.717  25.867  4.150  1494.1  316.471  0.2082  6.8910 
Mean  316.072  0.2079 
19.768  24.409  4.641  1515.6  319.421  0.2074  7.6255 
19.658  23.381  3.723  1516.6  320.085  0.2079  6.1003 
Mean  319.753  0.2076 
18.661  23.047  4.486  1537.0  323.700  0.2075  7.1034 
19.313  22.809  3.496  1537.2  323.909  0.2076  5.658 
20.107  24.812  4.705  1535.2  323.521  0.2074  7.6333 
Mean  323.710  0.2075 
No.5  (0.30% C). 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp. 
I 
cal. 
(tol  (12)  12-10  t1-12  q(11-0)  (11-t2)  (gram) 
22.108  25.243  3.135  874.8  145.717  0.1619  11.4314 
23.355  26.280  2.925  873.7  146.031  0.1623  10.6565 
Mean  145.87<1  0.1621 
. 
19.216  23.003  3.787  1077.0  176.211  0.1602  11.3361 
20.658  23.743  3.085  1076.3  176.713  0.1607  9.2168 
,  Mean  176.462  0.1604 SPecific  Heat of Iron-Carbon  System at  High  Temperatures,  etc.  679 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  cal. 
(to)  (t2l  .  t2-tO 
1 
t1-t2  q(tl-O)  (t1-t2)  .  (gram) 
20.134  24.336  4.202  1175.7  193.200  0.1610  11.4654 
20.678  24.877  4.199  1175.1  192.320  0.1603  11.5160 
Mean  192.760  0.1606 
23.132  27.937  4.805  .  1272.1  210.301  0.1618  12.0591 
19.416  23.567  4.151  1276.4  211.141  0.1624  10.3412 
Mean  210.721  0.1621 
23.108  27.613  4.505  1372.4  229.105  0.1637  10.3610 
23.406  27.192  3.786  1372.8  229.841  0.1642  8.6755 
Mean  229.473  0.1639 
24.046  27.927  3.881  1412.1  240.021  0.1667  8.5157 
25.104  28.401  3.297  1411.6  240.043  0.1667  7.2364 
Mean  240.032  0.1667 
23.335  27.192  3.857  1432.8  250.610  0.1717  8.1010 
22.617  26.272  3.655  1433.7  251.801  0.1725  7.6347 
22.314  25.571  3.257  1434.4  251.233  0.1721  6.8155 
Mean  251.215  0.1721 
23.216  27.533  4.317  1452.5  271.663  0.1836  8.3631 
19.868  23.443  3.575  1456.6  271.442  0.1834  6.9124 
20.117  23.027  2.910  1457.0  271.984  0.1838  5.6133 
Mean  271.663  0.1836 
23.061  27.798  4.737  1459.2  294.620  0.1981  8.4632 
20.662  24.884  4.222  1462.1  295.240  0.1986  7.5116 
Mean  294.930  0.1983 {ISO  Saburo  Umino. 
I 
Initial  Final  I  Difference  Total  M.S.H.  Weight 
temp.  temp. 
I 
cal. 
(to)  (t2)  12-tO  t1-t2  q(tcO)  (t1-t2)  (gram) 
0.2018 
i 
8.0531  19.313  23.926  4.613  1466.1  300.663 
20.626  24.987  4.361  1465.0  300.106  0.2014  7.6345 
21.611  26.106  4.495  1463.9  300.380  0.2016  7.8677 
Mean  300.383  0.2016 
I 
22.314  27.334  5.020  1492.7  313.020  0.2059 
I 
8.4356 
19.952  23.620  3.668  1496.4  313.628  0.2063  G.1367 
Mean  313.324  0.2061 
19.866 
I 
24.772  4.906  1535.2  320.511  0.2055  8.0341  I  19.773  I  24.477  4.704  1535.5  321.153  0.2059  7.G850 
Mean  320.832  0.2057 
No.6  (0.41 %  C). 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp. 
I 
caL 
(to)  (12)  t2-tO  t1-t2  q(tcO)  (t1-t2)  (gram) 
21.714  25.107  3.393  874.9  144.412  0.1605  12.4812 
20.G81  23.344  2.663  876.7  144.814  0.1609  9.7523 
Mean  144.613  0.1607 
, 
20.311  24.093  3.782  1075.9  174.922  0.1590  11.4166 
20.313  23.728  3.355  1076.3  175.946  0.1600  10.0674 
Mean  175.434  0.1595 
19.359  23.547  4.188  1176.5  191.524  0.1596  11.5216 
20.813  24.070  3.257  1175.9  192.516  0.1604  8.9167 
Mean  192.020  0.1600 SPecific  Heat of Iron-Carbon  System at High Temperatures,  etc.  681 
Initial  Final  Difference  . Total  lVI.S.H.  Weight 
temp,  temp. 
I 
cal. 
(to) 
.  (t2)  t2-to  tI-t2  q(~-O)  (tI -t2)  I 
(gram) 
22.367  26,532  4,165  1273.5  210,824  0.1622  10.4160 
19.063  22.613  3,550  1277.4  208.934  0,1607  8.9321 
19,818  22.095  2.277  1277,9  209.915  0,1615  5,6992 
i\Iean  209.891  0.1615 
. 
20.106  24.924  4,S18  1345,1  222.610  I 
0,1625  11.3850 
21.321  25.940  4.619  1344,1  223,154  0.1629  10.8965 
I 
Mean  222.882  0.1627 
21.346  25.976  4.630  1394,0  238.516  0.1680 
I 
10.2124 
22.477 
1  26.273  3.796  1393.7  238.926  0.1683  8.3611 
lVIean  238.721  0,1681 
I 
19.216  23.543  4.327  1426.5  253.41S  0.1748  I  8.9641 
19.265  22.856  3,591  1427.1  253.752  0.1750  7.4263 
20.369  23.705  3.336  1426.3  253.120  0.1746  6.9199 
Mean  253.430  0.1748 
21.346  25.971  4,625  1444,0  275.234  0.1872  8;8351 
22,617  26,513  3.896  ~443.5  274.434  0.1867  7.4670 
Mean  274,834  0.1870 
21.060  25,311  4.251  1474.7  30S,201  0.2055  7.2461 
21.515  25.206  3.691  1474.S  . 307.505  0.2050  6.3055 
Mean  307.853  0.2052 
20.319  23.317  2,99S  1536,7  319.308  0.2047  4.9230 
19,188  23,814  4.626  1536.2  318.633  0.2043  7,6152 
20.566  25,351  4.785  1534,7  318.762  0.2043  7.S811 
Mean  31S,901  0.2044 682  Saburo  Umino. 
No.  7  (0.61 %  C). 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  cal. 
(to)  (12)  12-10  I 
t1-t2  q(tcO)  (t1-t2)  (gram) 
19.413  22.967  3.554  877.0  144.331  0.1604  13.0488 
19.671  22.690  3.019  877.3  144.591  0.1607  11.0615 
Mean  144.461  0.1606 
19.813  23.553  3.740  976.4  157.512  0.1575  12.5611 
21.417  24.900  3.483  975.1  157.952  0.1580  11.6750 
Mean  157.732  0.1578 
21.660  25.416  3.756  1074.6  177.233  0.1611  11.2034 
23.651  26.989  3.338  1073.0  176.365  0.1603  10.0216 
Mean  176.800  0.1607 
t1 =1200°, 
19.984  24.166  4.182  1175.8  191.102  0.1593  11.5361 
21.066  24.323  3.257  1175.7  191.524  0.1596  8.9665 
Mean  191.313  0.1594 
19.265  I  23.498  4.233  1276.5  208.914  0.1607  10.6581 
20.414  I 
23.852  3.438  1276.2  209.570  0.1612  8.6322 
Mean  209.242  0.1610 
20.636  25.105  4.469  1324.9  219.942  0.1629  10.6930 
21.558  25.298  3.740  1324.7  220.706  0.1635  8.9190 
Mean  220.324  0.1632 
19.818  22.988  3.170  1377.0  238.415  0.1703  6.9812 
23.616  27.667  4.051  1372.3  238.865  0.1706  8.9365 
Mean  238.640  0.1705 Specific  Heat 0/ Iron-Carbon System at High Temperatures,  etc.  683 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  cal. 
(to)  (12)  t2-lo  I  t1-i2  q(tcO)  (t1-12)  (gram) 
22.551  26.666  4.115  1423.3  271.841  0.1875  7.9652 
·19.468  22.748  3.280  1427.3  272.261  0.1878  6.3211 
Mean  272.051  0.1876 
19.312  24.053  4.741  1436.0  282.502  0.1935  8.8130 
20.181  24.236  4.055  1435.8  ·281.601  ,  0.1929  7.5622 
20.714  24.032  3.318  1436.0  282.293  0.1934  6.1723 
Mean  282.132  0.1932 
11 =  1500°, 
21.470  26.184  4.714  1473.8  304.533  0.2030  8.1366 
19.312  23.398  4.086  1476.6  303.795  0.2025  7.0565 
Mean  304.164  0.2028 
2l.432  26.294  4.862  1533.7  315.122  0.2020  8.1056 
22.036  25.987  3;951  1534.0  316.466  0.2028  6.5577 
Mean  315.794  0.2024 
No.  8  (0.77% C). 
Initial  Final  Difference  Total  M.S.H.  "\Veight 
temp.  temp  ..  I  . 
cal. 
(to)  (i2)  t2-io  t1-12  q(tl-O)  (11 - t21  (gram) 
19.912  23.485  3.573  876.5  140.752  0.1564  13.4614 
22.031  24.403  2.372  875.6  141.301  0.1570  8.9133 
21.508  24.267  2.759  875.7  140.713  0.1563  10.4125 
Mean  140.922  0.1566 
20.612  24.337  3.725  975.7  155.557  0.1556  12.6717 
20.817  23.946  3.129  976.1  156.211  0.1562  10.6002 
19.715  22.358  2.643  977.6  156.304  0.1563  8.9346 
Mean  156.024  0.1560 684  Saburo  Umino. 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  cal. 
(to)  (12)  12-tO  I 
1 1-12  q(~-O)  (11-/2)  (gram) 
20.416  24.790  4.374  1075.2  ·172.205  0.1566  13,4171 
21.659  25.141  3,482  1074.9  172.495  0.1568  10.6715 
Mean  172.350  0.1567 
21.446  25.899  4.453  1174.1  187.910  0.1566  12.5112 
19.846  24.532  4.667  1175.5  188.796  0.1573  13.0630 
Mean  188.353  0.1570 
21.334  25.879  3.545  1224.1  197.105  0.1577  12.1622 
22.136  ,  25.737  3.601  1224.3  197.537  0.1580  9.6134 
Mean  197.341  0.1579 
19.817  24.415  4.598  1295.6  214.823  0.1627  11.2631 
20.368  23.877  .3.509.  1296.1  215.605  0.1633  8.5613 
, 
Mean  215.214  0.1630 
19.606  24.434  4.828  1325.6  224.511  0.1663  11.3122 
19.904  24.506  4.602  1325.5  223.802  0.1658  10.8164 
22.033  25.749  3.716  1324.3  224,485  0.1663  8.7155 
Mean  224.266  0.1661 
20.318  25.356  5.038  .  1374.6  245.133  0.1751  10.8116 
21.926  25.740  3.814  1374.3  245.737  0.1755  8.1657 
Mean  245.435  0.1753 
20.031  24.716  4.685  1405.3  263.455  0.1842  9.3468 
22.313  26.092  3.779  1403.9  262.793  0.1838  7.5651 
19.366  23.450  4.084  1406.6  263.508  0.1843  8.1388 
Mean  263.252  0.1841 Specific Heat of Iron-Carbon System at High Temperatures,  etc,  685 
Initial  Final  Difference  Total  lVLS.H.  Weight 
temp.  temp.  cal. 
(to)  (t2)  t2-tO  I 
t1-/ 2  q(~-O}  (t1 -i2)  {gram} 
21.365  25.652  4.287  1444.4  295.230  0.2008  7.6335 
20.677  24.201  3.524  1445.8  296.021  0.2014  6.2511 
Mean  295.621  0.2011 
22.621  27.376  4.755  1472.6  301.033  0.2007  8.3106 
19.477  23.667  4.190  1476.3  300.646  0.2004  7.3133 
20.315  I 
23.745  3.430  1476.3  302.011  0.2013  5.9607 
Mean  301.230  0.2008 
21.451  24.960  3.509  1515.0  308.811  0.2005  5.9658 . 
23.617  27.672  4.055  1512.3  308.433  0.2003  6.9144 
Mean  308.622  0.2004 
No.9  (1.05% C). 
Initial  Final  Difference  Total  lVI.S.H.  Weight 
temp.  temp. 
I 
cal. 
(to)  (12)  t2-tO  t1-t2  q(tl-0}  (t1-t2)  (gram) 
.. 
20.413 
I 
23.565  3.152  776.4  124.085  0.1551  13.5182 
20.212  22.704  2.492  777.3  124.537  0.1557  10.6344 
Mean  124.311  0.1554 
21.607  24.652  3.045  825.3  133.511  0.1511  12.1303 
20.451  23.105  2.654  826.9  133.024  0.1565  10.5910 
20.812  23.677  2.865  826.3  133.383  0.1569  11.4135 
Mean  133.306  0.1568 
-
20.519  23.840  3.321  876.2  142.515  0.1584  12.3622 
20.874  23.590  2.716  876.4  143.409  0.1593  10.0466 
21.036  24.157  3.121  875.8  143.106  0.1590  11.5751 
Mean  143.012  0.1589 686 
Initial 
temp. 
(to) 
21.467 
22.712 
22.312 
21.162 
19.873 
20.715 
20.166 
22.365 
19.875 
21.132 
20.337 
~ 
20.659 
19.910 
18.944 
20.316 
24.618 
0 
Final 
o  temp. 
(to) 
" 
25.086 
25.500 
26.045 
24.105 
23.912 
23.H22 
23.470 
26.135 
24.540 
25.578 
24.229 
25.245 
23.743 
23.330 
23.854 
27.689 
Saburo  Umino. 
• 
Difference  Total  lVI.S.H.  Weight 
I 
cal. 
t2-io  1 1-t2  q(tl-O)  (11-12)  (gram) 
3.619  924.9  149.794  0.1577  12.8162 
2.788  924.5  149.612  0.1575  9.8913 
.::viean  149.703  0.1576 
3.733  974.0  157.168  0.1572  12.5971 
2.943  975.9  157.496  0.1575  9.8911 
:.vlean  157.332  0.1574 
4.039  1076.1  172.441  0.1568  12.3677 
2.907  1076.4  172.101  0.1565  8.9155 
3.304  1076.5  172.538  0.1569  10.1070 
--
::.vIcan  172.360  0.1567 
3.770  1143.9  184.102  0.1574  10.8183 
4.665  1145.5  183.610  0.1569  13.4051 
::\1ean  183.856  0.1572 
4,446  1174.4  188.317  0.156  9  12.4618 
3.892  1175.8  188.671  0.157  2  10.8755 
.-
::\;Iean  188.494  0.1571 
4.586  1224.8  201.109  0.1609  12.0210 
3.833  1226.3  201.067  0.1609  10.0366 
r.:Iean  201.088  0.1609 
4.386  1276.7  217.284  0.1671  10.6161 
3.538  1276.2  217.634  0.1674  8.5533 
3.071  1272.3  217.105  0.1670  7.4652 
-
Mean  217.341  0.1672 Specific  Heat of Iron-Carbon System at High Temperatures,  etc.  687 
Initial 
, 
Final  Difference  Total  M.S.H.  Weight 
temp.  temp. 
I 
cal. 
(to)  (t2)  1 2-io  1 1-i2  q(tl-O)  (ll-tzl  (gram) 
---
19.216  23.626  4.410  1326.4  235.802  0.1747  9.8322 
23.652  27.280  3.628  1322.7  236.000  0.1748  8.1044 
~--."-~.  . 
.lIfean  235.901  0.1747 
------. 
19.313  24.065  4.752  1375.9  258.637  0.1847  9.6552 
20.306  24.307  4.001  1375.7  258.312  0.1845  8.1411 
21.215  24.629  3.414  1375.4  258.911  0.1849  6.9323 
-
Mean  258.820 
I 
26.516  H1.l46  . 4.630  1398.9  283.162  0.1980 
I 
8.B331 
19.818  23.568  3.750  1406.4  283.300  0.1981  B.9515 
Mean  283.232  0.1981 
-
20.363  24.847  4.484  1425.2  289.764  0.1998  8.1322 
19.218  23.029  3.811  1427.0  289.902  0.1999  G.8991 
Mean  289.833  0.1999 
tt  =  1500", 
20.803  25.406  4.603  1474.6  299.046  0.1994  8.08B7 
18.921  22.684  3.763  1477.3  299.356  0.1996  6.5920 
Mean  299.201  0.1995 
21.312  25.678  4.366  1514.3  306.203  0.1988  7.4891 
22.569  26.345  3.776  1513.7  306.745  0.1992  6.4689 
Mean  306.474  '0.1990 
No.  10.  (L33% C). 
Initial  Final  Difference  t  Total  lVI.S.H.  ·Weight 
temp.  temp.  .  cal. 
(tal  (t2l  1 2-tO  I 
1 1-t2  q(tl-O)  (t1-t2)  (gram) 
20.485  23.560  3.075 
I 
776.4  125.163  0.1565  13.0711 
20.901  23.339  2.438  776.7  124.977  0.1562  10.3819 
I  _. 
Mean  125.070  0.1564 ·688 
Initial 
temp. 
(to) 
20.366 
19.832 
20.368 
19.857 
20.416 
19.816 
18,635 
20.371 
19.817 
--- .. 
19.316 
20.567 
19.463 
20.713 
19.914 
19.215 
20.316 
21.133 
I 
I  Final 
I 
temp, 
(t2) 
I  23,680  I 
I 
22.448 
t1=950°,  _ .. 
23.621 
23.467 
23.373 
23.248 
21.625 
24.504 
22,833 
I  23.467 
I 
23.970 
, 
23.397 
24,067 
23.550 
23.282 
24,018 
25,578 
Saburo Umino. 
Difference  Total  M.S.H.  Weight 
I 
cal. 
t2-IO  t1-t2  q(t1-0)  (t1-t2)  (gram) 
3.314  876.3 
I 
141.095  0.1568  12.4611 
2.616  877.6  140,529  0.1561  9.8651 
Mean  140,812  0.1565 
3.253  926.4  150.301  0.1582  11.4635 
3.610  926.6  148.995  0.1568  12.8341 
2.957  926.6  149,003  0.1568  10.5103 
Mean  149.433  0.1573 
3.432  976.6  150.738  0,1507  12.0411 
2.990  978.4  150.188  0.1502  10.5087 
Mean  150.463  0.1505 
4.133  1025.5  166.755  0.1588  13.1066 
3.016  1027.2  167.075  0.1,591  9,5313 
. 
Mean  166.915  0.1590 
4.151  1076.5  174.311  0.1585  12.5680 
3.403  1076.0  174.109  0.1583  10.3213 
Mean  174.210  0.1584 
3.934  1126.6  181.342  0.1577  11.4361 
3.354  1125.9  181.856  0.1581  9.7322 
3.636  1126.5  181.701  0.1580  10.5514 
Mean  181.633  0.1579 
4.057  1176.7  193.589  0.1613  11.0655 
3.702  1176.0  193.953  0.1616  10.0606 
4.445  1174.4  193.770  0.1615  12.1050 
Mean  193,77l  0.1615 SPecific  Heat oj Iron-Carbon System at  High  Tempel'atures,  etc.  689 
t1 =  1250°, 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  cal. 
(tol  ('2)  t2-tO  I 
t1-t2  q(tcO)  (t1-/2)  (gram) 
20.596  25.344  4.748  1224.7  207.533  0.1660  12.0615 
19.568  24.042  4.474  1226.0  207.225  0.1658  11.3688 
'.' 
Mean  207.430  0.1659 
19.513  23.974  4.461  1276.0  225.368  0.1734  10.4155 
22.618  26.411  3.793  1273.6  225.695  0.1736  8.8611 
19.319  22.594  3.275  1277.4  225.530  0.1735  7.6322 
Mean  225.531  0.1735 
20.068  25.432  5.364  1324.6  245.211  0.1816  11.5161 
20.612  25.434  4.822  1324.6  245.820  0.1821  10.3255 
20.323  24.110  3.787  1325.9  245.862  0.1821  8.1012 
Mean  245.631  0.1820 
. 
22.138  26.930  4.792  1373.1  270.729  0.1934  9.3215 
19.069  23.251  4.182  1376.8  271.031  0.1936  8.1042 
Mean  270.880  0.1935 
22.414  26.997  4.583  1423.0  290.199  0.2001  8.3122 
22.389  26.867  4.478  1423.1  290.827  0.2006  8.1034 
. 
Mean  290.563  0.2004 
19.185  23.388  4.204  1476.6  299.597  0.1997  7.3612 
20.312  23.722  3.410  1476.3  299.827  0.1998  5.9690 
Mean  299.712  0.1998 
'r = 1540°, 
20.673  25.263  4.590  1514.7  306.948  0.1993  7.8516 
19.325  23.030  3.705  1517.0  307.676  0.1998  6.3133 
Mean  307.312  0.1996 690  Saburo Urnino. 
No.  11  (1.57% C) . 
. 
Initial  Final  Difference  Total 
temp.  temp.  cal. 
(to)  (12)  t2-lo  I 
t1-12  q(tl-O) 
19.691  22.871  3.180  777.1  125.614 
20.553  22.936  2.383  777.1  125.908  -_. 
Mean  125.761 
, 
19.317  22.820  3.503  877.2  141.264 
20.716  23.511  2.795  876.5  140.722 
21.702  24.062  2.360  875.9  141.293 
l'.Ican  141.093 
"-
19.688  23.448  3.760  976.6  157.433 
20.415  23.339  2.924  976.7  157.579 
Mean  157.506 
19.622  22.379  2.757  1027.6  166.582 
2l.364  24.546  3.182  1025.5  166.122 
NIean  166.352 
20.963  25.321  4.358  1054.7  172.902 
19.867  23.387  3.520  1056.6  172.730 
. 
Mean  172.816 
19.910  22.803  2.893  1077.2  175.895 
19.367  22.735  3.368  1077.3  175.711 
19.555  23.634  4.079  1076.4  175.983 
Mean  175.863 
21.315  25.757  4.442  1094.2  178.605 
19.932  22.946  3.014  1097.1  178.311 
20.456  23.943  3.487  1096.1  178.614 
Mean  178.510 
I 
J\1.S.H.  i 
I 
(t1-12) 
0.1570 
·0.1574 
0.1572 
0.1570 
0.1564 
0.1570 
I 
[U5GS 
0.1574 
0.1576 
0.1575 
0.1586 
0.1582 
0.1584 
0.1601 
0.1599 
0.1600 
0.1599 
0.1597 
0.1600 
0.1599 
0.1595 
0.1592 
0.1595 
0.1594 
Weight 
(gram) 
13.4622 
1O.0GlB 
13.1362 
10.5186 
8.8617 
12.6344 
9.8111 
8.7536 
10.1301 
13 
10 
.3316 
.7580 
8.6755 
10.1096 
12.2357 
13.1466 
8.9135 
10.3021 
~ Specific  Heat  ~f Iron-Carbon System at  High  Temperatures,  etc.  691 
Initial  Final 
, 
Difference  Total  l<r.S.H.  Weight 
temp.  temp. 
I 
cal. 
(to)  (t2)  t2-tO  1 1-t2  q(tcO )  (t1-t2)  {gram} 
21.465  25.608  4.143  1104.4  I  1800412  0.1597  12.1340 
20.734  24.624  3.890  1105.4  179.893  0.1592  11.4166 
19.836  22.730  2.894  1107.3  179.731  0.1591  8.4871 
Mean  180.012  0.1593 
. 
19.326  23.868  4.542  1156.1  192.902  0.1635  12.4110 
20.069  23.112  3.043  1156.9  192.775  0.1634  8.3174 
1VIean  192.831  0.1634 
• 
19.417  24.307  4.890  1225.7  214.035  0.1712  I  120351 
20.066  23.670  3.604  1226.3  214.125  0.1713 
1 
8.8610 
Mean  214.080  0.1713 
t1=1300°, 
• 
21.132  25.201  5.069  1273.8  232.947  0.1792  11.4711 
19.681  22.774  3.093  1277.2  233.704  0.1798  6.9566 
20.976  23.339  2.363  1276.7  233.017  0.1792  5.3327 
• 
:Mean  233.182  0.1794 
tl  =1350°, 
19.126  24.287  5.161  1325.7  254.336  0.1884  10.6717 
19.363  23.595  4.232  1326.4  254.711  0.1887  8.7351 
19.518  23.491  3.971  1326.5  254.174  0.1883  8.2162 
-- ... 
Mean  254.291  0.1885 
21.608  26.394  4.786  1393.6  285.236  0.2009  8.8312 
19.216  23.218  4.002  1396.8  285.312  0.2009  7.3657· 
Mean  285.274  0.2009 
21.608  26.436  4.828  1423.6  290'.892  0.2006  8.7312 
18.659  22.888  4.229  1427.1  290.755  0.2005  7.6324 
20.311  23.567  3.256  1426.4  290.861  0.2006  5.8777 
Mean  290.836  0.2006 692  Saburo  Umtno. 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  cal. 
(tol  (12)  t2-tO  I 
1 1-12  q(lcO )  (tl-i2)  (gram) 
-
20.312  24.409  4.097  1475.6  300.117  0.2001  7.1672 
19.515  22.564  3.049  1477.4  300.423  0.2003  5.321~~ 
Mean  300.270  0.2002 
No.  12  (1.85% C). 
Initial  I  Final  Difference  Total  lVI.S.l-I.  \Veight  I 
temp.  I  temp.  cal. 
I  I 
(to)  (12)  12-10  1 1-12  q(tl-0)  (11-12)  (gram) 
21.241  23.204  1.963  576.8  83.912  0.1399  12.5671 
22.068  23.886  1.818  576.1  83.721  0.1395  11.6815 
, 
Mean  83.817  0.1397 
20.167  22.634  2.467  677.4  102.956  0.1471  12.7897 
22.075  24.128  2.053  675.9  102.876  0.1470  10.6765 
Mean  102.916  0.1470 
21.654  24.800  .  3.146  775.2  124.818  0.1560  13.4344 
21.453  23.827  2.374  776.2  124.984  0.1562  10.1128 
Mean  124.901  0.1561 
21.262  24.381  3.119  875.6  140.751  0.1564  11.7655 
22.168  24.916  2.748  875.1  141.153  0.1568  10.3401 
Mean  140.952  0.1566 
23.361 
. 
I  27.365  4.004  972.6  157.312  0.1573  13.5167 
25.100  28.095  2.995  971.9  157.568  0.1576  I 
10.1011 
Mean  157.440  0.1574 Specific  Heat at Iron-Car.bon  System at High Temperatures, etc.  1393 
, 
Initial  Final  Difference  Total 
temp.  temp. 
I 
cal. 
(to)  (12)  t2-tO  t1-t2  q(t1-0) 
21.898  26.260  4.362  1073.7  174.418 
19.655  23.153  3.498  1076.9  174.108 
Mean  174.263 
21.336  26.066  4.730  1123.9  189.127 
19.467  22.679  3.212  1127.3·  188.765 
20.108  23.964  3.856  1176.0  189.111 
Mean  189.001 
21.343  25.853  4.510  1174.2  I 
204.333 
19.714  23.630  3.916  1176.4  204.669 
I 
Mean  204.501 
21.162  25.759  4.597  1274.2  241.503 
20.465  24.212  3.747  ]275.8  241.022 
20.066  23.805  3.739  1276.2  241.537 
Mean  241.354 
21.501  25.709  4.208  1324.2  264.801 
21.464  26.101  4.637  1323.9  265.005 
:i.\{ean  264.903 
19.981  24.347  4.366  1375.7  282.148 
20.478  24.159  3.681  1375.8  281.714 
Mean  281.931 
20.367  I  24.176  3.809  1475.8  300.414 
19.168  I 
22.502  3.334  1477.5  300.686 
Mean  300.550 
M.S.H. 
(t1-t2) 
0.1586 
0.1583 
.  0.1584 
0.1645 
0.1641 
0.1644  . 
0.1644 
0.1703  I  0.1706  I 
0.1704 
0.1858 
0.1854 
0.1858 
0.1857 
0.1962 
0.1963 
0.1962 
0.2015 
0.2012 
0.2014 
0.2003 
0.2005 
0.2004 
Weight 
(granl) 
13.2344 
10.5987 
13.2161 
8.9651 
1O.75G6 
11.6513 
10.0811 
10.0303 
8.1822 
8.1443 
8.36 
9.21 
63 
55 
8.1332 
6.8669 
6.6562 
5.8133 694  Sab~tro Umino. 
No.  13  (2.40% C). 
I 
Initial  Final 
I 
Difference  Total  M.S.H.  Weight 
temp.  temp  ..  cal. 
(to)  (12)  1 2-tO  I 
t1-t2  q(tcO)  (t1-t2)  (gram) 
21.268  23.21'8  1.950  576.8  84.401  0.1407  12.4155 
22.010  23.706  1.696  576.3  84.342  0.1406  10.8122 
Mean  84.372  0.1406 
"-
21.465  23.914  2.449  676.1  103.302  0.1476  12.6791 
20.368  " 22.428  2.060  677.6  103.184  0.1474  10.6544 
Mean  103.243  0.1475 
20.194  24.134  3.220  775.9  124.918  0.1562  13.7260 
21.011  23.505  2.494  776.5  124.644  0.1558  10.6477 
Mean  124.781  0.1560 
22.634  26.177  3.543  873.8  140.515  0.1561  13.4122 
19.925  22:307  2.382  877.7  140.707  0.1563  8.9655 
Mean  140.611  0.1562 
22.475  25.555  3.080  974.5  156.890  0.1569  10.4056 
21.334  24.432  3.098  975.6  157.050  0.1571  10.4422 
• 
Mean  156.970  0.1570 
27.504  30.359  2.855  1069.6  173.410  0.1577  8.7444 
20.223  23.917  3.694  1076.1  173.896  0.1581  11.2151 
Mean  173.653  0.1579 
24.425  27.378  2.953  1122.6  201.010  0.1748  7.7725 
22.086  25.452  3.366  1124.6  201.236  0.1750  8;8344 
Mean  201.123  0.1749 Specific Heat of Iron-Carbon System at High Temperatures,  etc.  695 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp. 
I 
cal. 
(to)  (t2)  t2-to  t1-t2  q(t1-0)  (t1-t2)  (gram) 
20.811  24.025  3.214  1176.0  217.608  0.1813  7.7855 
22.634  26.280  3.646  1173.7  217.718  0.1814  8.8424 
19.436  22.178  2.742  1177.8  217.426  0.1812  6.6361 
Mean  217.584  0.1813  . 
-
21.666  25.319  3.653  1224.7  235.766  0.1886  8.1677 
19.814  22.809  2.995  1227.2  235.836  0.1887  6.6812 
Mean  235.801  0.1886 
20.656  24.761  4.105  1275.2  256.899  0.1976  8.4126 
19.337  22.532  3.195  1277.5  257.141  0.1978  6.5311 
Mean  257.020  0.1977 
23.347  26.864  3.517  1323.1  273.914  0.2029  6.7655 
20.066  23.161  3.095  1326.8  274.194  0.2031  5.9313 
Mean  274.054  0.2030 
20.583  25.126  4.543  1374.9  283.013  0.2022  8.4427 
19.676  23.385  3.709  1376.6  283.413  0.2024  6.8750 
Mean  283.213  0.2023 
. 
21.374  25.473  4.099  1424.5  292.634  0.2018  7.3642 
20.867  24.465  3.598  1425.5  292.448  0.2017  6.4631 
Mean  292.541  0.2018 
No.  14  (2.90% C). 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  cal. 
(to)  (~)  ts-to  I 
. t1-t2  q(tcO)  (11-t2)  (gram) 
21.216  23.135  1.919  576.9  85.Q78  0.1418  12.1144 
20.137  21.853  1.716  578.2  85.021  0.1417  10.8165 
Mean  85.050  0.1418 696  Saburo  Umino. 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp. 
I 
cal. 
(tol  (t2)  t2-tO  t1-t2  . q(tl-O)  (tl -t2)  (gram) 
i 
22.026  24.309  2.283  675.7  103.921  0.1485  I 
11.7533 
19.981  21.981  2.000  678.0  104.105  0.1487  10.2466  I . 
Mean  104.013  0.1486 
24.446  27.309  2.863  772.7  125.010  0.1563  12.2467 
22.237  24.731  2.494  775.3  125.350  0.1567  10.6034 
Mean  125.180  0.1565 
23.464  26.503  3.039  873.5  140.939  0.1566  11.4747 
22.890  25.258  2.368  874.7  140.763  0.1564  8.9416 
. 
Mean  140.851  0.1565 
22.426  26.463  .  4.037  973.5  156.633  0.1566  13.6732 
24.647  27.648  3.001  972.4  156.833  0.1568  10.1633 
Mean  156.733  0.1567 
22.467  26.570  4.103  1073.4  173.001  0.1573  12.5531 
26.842  29.398  2.556  1070.6  173.613  0.1578  7.8132 
Mean  173.312  0.1576 
23.414 .  27.999  4.585  1122.0  212.631  0.1849  11.4161 
22.686  26.049  3.363  1124.0  212.983  0.1852  8.3450 
20.810  23.924  3.114  1126.1  212.918  0.1852  7.7143 
Mean  212.844  0.1851 
t1=  1200°, 
23.444  27.820  4.376  1172.2  229.878  0.1916  10.0661 
25.661  28.255  2.594  1171.8  230.130  0.1918  5.9632 
21.479  25.307  3.828  1174.7  230.412  0.1920  8.7657 
Mean  230.140  0.1918 Specific Heat of Iron-Carbon System at  High Temperatures,  etc.  697 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp. 
I 
caL 
(to)  (t2)  t2-to  t1-t2  q(t1-0)  ('1-12)  (gram) 
24.678  29.099  4.421  1220.9  249.711  0.1998  9.3614 
22.777  25.598  2.821  1224.4  248.866  0.1991  5.9766 
23.358  26.659  3.301  1223.3  249.716  0.1998  6.!il775 
:Mean  249.431  0.1996 
22.(12(1  26.989  4.363  1273.0  266.330  0.2049  8.6411 
21.645  24.587  2.942  1275.4  266.472  0.2050  5.8116 
:Mean  266.401  0.2049 
23.745  28.153  4.408  1371.9  284.311  0.2031  8.1717 
23.101  26.422  3.321  1373.6  284.469  0.2032  6.1464 
lV[ean  284.390  0.2031 
i:t =  1500
0
, 
20.416  24.780  4.264  1475.2  302.288  I 
0.2015  I 
7.5811 
22.681  25.759  3.078  1474.2  302.654  0.2018  I 
5.3446 
I 
Mean  302.471  0.2017 
No. 15  (3.00 %  C). 
--
Initial  Final  Difference  Total  ?f.S.H.  Weight 
temp.  temp.  cal. 
(to)  (t2)  tz-to  I 
i1-t2  .  q(~-O)  .  (t1-'2)  (gram) 
_.- . 
!  , 
22.268  24.072  i  1.804  576.0  85.010  0.1417  11.4166 
22.104  23.831  I 
1.727  576'2  85.096  0.1418  10.9175 
I 
Mean  85.053  0.1418 
21.268  .23.530  2.262  676.5  103.950  0.1485  11.6711 
21.427  23.484  2.067  676.5  104.062  0.1487  10.6176 
:Mean  104.006  0.1486 698  Sab~tro Umino. 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  cal. 
(to)  (t2)  t2-to  I 
t1-t2  q(~-OJ  (t1-t2J  (gram) 
25.424  28.834  3.410  771.2  125.010  0.1563  14.6142 
24.375  26.871  2.496  773.1  125.432  0.1568  10.6366 
Mean  125.221  0.1565 
22.641  26.534  3.893  873.5  139.810  0.1553  14.8196 
24.321  27.178  2.857  872.8  140.058  0.1556  10.8641 
Mean  139.934  0.1555 
26.364  27.510  4.146  972.5  156.781  0.1568  14.0444 
26.412  29.481  3.069  970.5  157.039  0.1570  10.4012 
Mean  156.910  0.1564 
21.617  25.798  4.181  1074.2  173.166  0.1574  12.7716 
26.446  30.121  3.675  1069.9  173.736  0.1579  11.2334 
Mean  173.451  0.1577 
21.646  25.591  .  3.945  1124.4  214.311  0.1864  9.7233 
22.472  24.657  2.185  1125.3  214.898  0.1868  5.3669 
23.436  26.202  2.766  1123.8  214.477  0.1865  6.8166 
Mean  214.562  0.1866 
~ 
21.324  25.226  3.902  1174.8  232.287  0.1936  8.8633 
22.647  25.959  3.312  1174.0  231.716  0.1931  7.5467 
19.962  22.419  2.457  1177.6  232.456  0.1937  5.5622 
Mean  232.153  0.1935 
20.891  25.751  4.860  1224.3  252.115  0.2017  10.1667 
20.277  23.039  2.762  1227.0  252.178  0.2017  5.7623 
22.424  26.374  3.950  1223.6  252.760  0.2022  8.2465 
Mean  252.351  0.2019 Specific Heat of Iron-Carbon System at High Temperatmes,  etc.  699 
Initial  Final  Difference  Total  lVI.S.H.  Weight 
temp.  temp. 
I 
cal. 
(to)  (til)  t2-tO  tl-tll  q(tl-O)  (t1-t2)  .  (gram) 
23.235  27.094  3.859  1272.9  266.632 
1 
0.2051  7.6347 
24.126  26.882  2.756  1273.1  266.912  0.2053  5.4466 
. 
Mean  266.772  0.2052 
23.423  27.681  4.258  1372.3  284.588  0.2033  7.8838 
22.789  25.482  2.693  1374.5  284.860  0.2035  4.9735 
. 
Mean  284.724  0.2034 
.. 
24.863  29.268  4.405  1470.7  302.591  0.2017  7.6678 
23.347  26.714  3.367  1473.3  302.909  0.2019  5.8458 
Mean  302.750  0.2018 
No.  16  (3.50% C). 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp. 
I 
caL 
(to)  (t2)  t2-tO  ~-t2  q(t1-0)  (tl-t2l  (gram) 
21.467  23.447  1.980  576.6  85.720  0.1429  12.4179 
22.518  24.151  1.633  577.9  85.902  0.1432  10.2324 
Mean  85.811  0.1430 
22.417  24.702  2.285  675.3  104.652  0.1495  11.6914 
23.121  25.139  2.018  674.9  104.853  0.1498  10.3134 
Mean  104.753  0.1497 
25.582  28.805  3.223  771.2  125.003  0.1563  13.8165 
23.682  26.303  2.621  773.7  125.401  0.1568  11.1637 
.. 
Mean  125.202  0.1565 700 
Initial 
temp. 
(to) 
21.412 
19.382 
18.915 
19.824 
19.411 
21.471 
23.517 
20.617 
24.413 
22.636 
23.267 
21.415 
22.603 
23.415 
I 
I 
I 
Saburo Umino. 
Final  Difference  Total 
temp. 
(t2)  t2-tO 
24.783 
21.758  , 
tl  = 1000°, 
22.233 
22.734 
t1=1100°, 
22.252 
24.059 
27.717 
23.775 
28.472 
25.780 
27.052 
24.627 
26.294 
26.747 
3.371 
2.376 
3.318 
2.910 
2.841 
2.588 
'4.200 
3.158 
4.059 
3.144 
3.785 
3.212 
3.691 
3.332 
I 
I 
I 
! 
-r 
I 
cal. 
t1-i2  q(tcO) 
' 875.2  . 140.821 
878.2  141.045 
-"--
Mean  140.933 
977.8  157.060 
977.3  157.440 
Mean  157.250 
1077.8  17~~.901 
1075.9  ]73,(-;61 
Mean  ]73.781 
1122.3  22G.751 
1126.2  22G.133 
Mean  226.442 
1171.5  245.011 
1174.2  245.595 
iI:Iean  245.303 
I  1275.0  267.508  I 
1275.4  I 
267.894 
Mean  267.701 
1373.7  : 285.007 
1373.3  285.613 
Mean  285.310 
lVI.S.H.  Weight 
(t1-t2)  (gram) 
-
0.]565  12.7133 
0.]567  8.9166 
'~ 
0.1566 
0.1571  Il.1Gll 
0.1574  9.71188 
--'-", 
0.1573 
0.1581  8.G133 
0.1579  7.81183 
0.1580 
0.1972  9.80:~:~ 
0.196G  7.3G51 
0.1969 
. 
0.2042 
I 
8.7G43 
0.2047  6.7564 
0.2044 
-..  -
0.2058  7.4G41 
0.2061  G.3133 
0.2059 
< 
0.2036  6.8166 
0.2040  6.1436 
0.2038 . 
. 
SPecific  Heat of Iron-Carbon System at  High  Temperatmes,  etc.  701 
Initial 
temp. 
(to) 
20.201 
20.417 
19.871 
20.643 
-~-"--
21.126 
19.722 
23.616 
22.425 
21.417 
22.978 
19.785 
23.244 
21.641 
20.818 
22.121 
19.766 
I 
I 
Final 
temp. 
(t2) 
21.779 
21.664 
11 =600°, 
21.689 
22.280 
11 =700°, 
23.200 
21.448 
. 
26.996 
24.839 
25.243 
25.077 
22.166 
27.023 
25.053 
24.487 
25.084 
22.226 
No.  17  (4.30% C). 
Difference  Total 
cal. 
t2-io  I  t1-/2  q(tcO) 
1.578  478.2  68.615 
1.247  478.3  68.315 
Mean  68.465 
1.818  578.3  86.722 
1.637  577.7  86.886 
Mean  86.804 
2.074  676.8  105.861 
1.726  678.6  106.063 
Mean  105.962 
"-"-
3.380  773.0  125.306 . 
2.414  755.2  125.596 
Mean  125.451 
3.826  874.8  141.013 
2.099  874.9  141.489 
2.381  877.8  141.887 
. 
Mean  141.463 
3.779  973.0  157.781 
3.412  975.0  157.903 
Mean· 151.842 
3.669  1075.5  174.512 
2.963  1074.9  174.297 
2.460  1077.8  174.931 
Mean  174.580 
lVI.S.H.  Weight 
(t1-t2)  (gram) 
0.1372  12.4177 
0.1366  9.8551 
0.1369 
0.1445  11.2362 
0.1448  10.1044 
0.1447 
0.1512  10.4658 
0.1515  8.6717 
0.1514 
0.1566  14.4176 
0.1570  10.2455 
0.1568 . 
0.1567  14.4167 
0.1572  7.8819 
0.1577  8.8875 
0.1572 
0.1518  12.7155 
0.1579  11.4485 
0.1578 
0.1587  11.1047 
0.1585  8.9855 
0.1590  ,  7.4144 
0.1587 
, 
. 702  Saburo Umino. 
Initial  Final  J?ifference  Total 
i 
temp.  temp. 
I 
cal. 
(to)  (t2)  12-tO  t1-t2  q(t1-0) 
21.422  25.403  3.981  1124.6  242.110 
22.113  26,896  4.783  1l23.1  242.913 
19.344  22.365  3.021  1127.6  242.511 
Mean  242.511 
--~--
22.255  27.686  5.431  1142.3  245.890 
24.386  28.890  4.504  1141.1  245.459 
21.646  26.465  4.819  1143.5  246.870 
}Lean  246.073 
tl  = 1200°, 
-
21.506  26.134  4.628  1173.9  250.848 
24.246  28.420  4.174  117U,  251.945 
22.036  25.045  3.009  1175.0  251.413 
Mean  251.402 
~=1300°, 
21.468  25.379  I  3.911  1274.6  269,033 
22.046  .24.830 
I 
2.784  1275.2  269.710 
20.027  22.493  2.466  1277.5  268.911 
Mean  269,218 
-
22.446  27.294  4.848  1372.7  287.724 
24.512  27.854  3.342  1372.2  287.144 
Mean  287.434 
No.  18  (4.81% C). 
Initial  Final  Difference  Total 
temp.  temp. 
I 
cal. 
(to)  (12)  t2-lo  t1-t2  q(~-O) 
22.168  22.402  0.234  77.6  13.445 
20.196  20.458  0.262  79.5  13.426 
Mean  13.436 
lVI.S.H. 
(11-12) 
0.2105 
0.2112 
0.2109 
0.2109 
0,2100 
0.2098 
0.2110 
0.2103 
0.2090 
0,2100 
0,2095 
0.2095 
0.2070 
0.2075 
0,2069 
0.2071 
0.2055 
0.2051 
0,2053 
lVI.S.H. 
{t1- 1 2l 
0.1345 
0.1343 
0.1344 
Weight 
(gram) 
8.6857 
10.4144 
6.5611 
-~,~-
11.68 
9.71 
10.31 
51 
83 
56 
9.741 
8.765 
6.313 
7.657 
5.435 
4,819 
1 
5 
1 
1 
5 
3 
8.8755 
6.1344 
Weight 
(gram) 
11.5871 
12.6917 Specific Heat of Iron-Carbon System at High Temperatures,  etc.  703 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  cal. 
(to)  (t2)  t2-/O  I 
1 1-12  q(tl-O)  (t1-t2)  (gram) 
l· 
1 
25.417  25.801  0.284  114.2  18.320  0.1309  13.2611 
26.132  26.446  0.314  113.6  18.312  0.1308  10.9123 
Mean  18.316  0.1308 
: 
24.818  25.351  0.533  154.7  24.353  0.1535 
I 
13.14(-;1 
2(-;.414  26.870  0.454  153.1  24.437  0.1358  11.2677 
Mean  24.395  0.1355 
27.104  27.752  0.648  172.3  28.413  0.1421  13.H812 
24.377  24.916  0.539  175.1  28.491  0.1425  11.1556 
Mean  28.452  0.1423 
,  , 
26.617  27.353  0.736  192.7  32.205  0.1464  13.4715 
24.315  24.906  0.736  195.1  32.345  0.1470  10.6481 
, 
•  Mean  32.275  0.1467 
24.131  24.849  0.718  215.2  35.316  0.1472  I 
11.7194 
23.515  24.170  0.655  215.8  35.546  0.1481  10.5781 
I 
Mean  35.431  0.1477 
23.714  24.514  0.800  235.5  38.623  0.1486  11.8191 
25.911  26.623  0.712  233.4  38.727  0.1490  10.5775 
Mean  38.675  0.1488 
23.617  24.458  0.841  .  255.5  40.866  0.1460  11.6455 
24.648  25.592  0.944  254.4  40.884  0.1460  13.1312 
Mean  40.875  0.1460 704  Saburo  Umino. 
11 =300°, 
-
Initial  Final  Di  fference  Total 
temp.  temp. 
(to)  (t2)  1 2-10  I 
.  cal. 
t1-t2  q(tcO) 
27.711  28,461  0.750  271.5  43.595 
26.786  27.338  0.552  272.7  43.755 
Mean  43.675 
29.024  29.929  0.905  370.1  56.834 
28.987  29.864  0.877  370.1  56.916 
. 
Mean  56.875 
29.228  30,477  1.249  469.5  69.950 
29.529  30.617  1.088  469.4  69.025 
Mean  69.488 
22.417  24.431  2.014  575.6  86.933 
22.333  24.044  1.711  576.0  86.688 
.,  Mean  86.811 
26.531  28.783  2.252 
i  671.2  106.925 
24.448  26.171  1.723  673.8  106.122 
Mean  106.524 
25.412  28.628  3.216  701.4  114.021 
23.636  26.067  2.431  703.9  114.682 
Mean  114.352 
24.143  27.259  3.116  712.7  115.893 
22.618  25.292  2.674··  714.7  116.107 
Mean  116.000 
I 
M.S.H. 
(t1 -(2) 
0.1453 
0.1459 
0.1456 
0.1421 
0.1423 
0.1422 
0.1399 
0.1381 
0.1390 
0.1449 
0.1445 
0.1447 
0.1528 
0.1516 
0.1522 
0.1562 
0.1571 
0.1567 
0.1566 
0.1569 
0.1568 
. 
'Veight 
(gram) 
9.8210 
7.1647 
8.8880 
8.6018 
9.8210 
8.6720 
12.4775 
10.6178 
. 
._--
11.3465 
8.7111 
-
15.1618 
11.3617 
14.4162 
12.3175 Specific Heat of Iron-Carbon System at  High Temperatures,  etc.  705 
Initial  Final  Difference  Total  lVI.S.H.  Weight 
temp.  temp.  cal. 
(to)  (12)  t2-tO  I 
t1-t2  q{tl-O)  (t1-t2)  (gram) 
26.714  30.166  3.452  729.8  118.758  0.1563  15.6344 
24.313  27.209  2.896  732.8  118.382  0.1558  13.1044 
. 
Mean  118.570  0.1560 
23.514  26.733  3.219  773.3  126.334  0.1580  13.6145 
23.678  26.247  2.569  773.8  126.046  0.1576  10.8822 
Mean  126.160  0.1577 
24.668  28.064  3.396  871.9  142.103  0.1579  12.7425 
24.549  27.661  3.112  872.3  142.321  0.1581  11.6511 
, 
Mean  142.212  0.1580 
25.313  29.110  3.797  970.9  158.812  0.1588  12.7195 
22,516  25.774  3.258  974.2  158.970  0.1590  10.8644 
Mean  158.891  0.1589 
26.611  29.544  2.933  1070.5  175.583  0.1596  8.8674 
24.310  27.455  3.145  1072.6  175.757  0.1598  9.4786 
Mean  175.670  0.1597 
25.552  30.265  4.715  1119.7  231.036  0.2009  10.8211 
23.981  27.239  3.258  1122.8  230.611  0.2005  7.4733 
21.477  25.055  3.578  1125.0  230.972  0.2009  8.1795 
Mean  230.873  0.2008 
22,867  27.478  4.609  1172.5  245.701  0.2048  9.9164 
24.682  27.879  3.197  1172.1  245.104  0~2043  6.8975 
21.564  25.178  3.614  1174.8  245.317  0.2044  7.7717 
Mean  245.374  0.2045 706  Sab1~ro Umino. 
11 = 1300
0
, 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  cal. 
(to)  (t2)  1 2-10  I 
11. -t2  q(teO)  (t1-t2)  (gram) 
"-
20.603  25.505  4.902  1274.5  270.766  0.2083  9.5381 
20.587  24.582  3.995  1275,4  270.856  0.2084  7.7652 
'-
Mean  270.811  0.2083 
19.947  24.580  4.633  1375.4  288.304  0.2059  8,4477 
21.336  25.056  3.720  1374.9  288.536  0.2061  6.7811 
Mean  288.420  0.2060 
22.316  26.582  4.266  1473.4  306.007  0.2040  7.3310 
20.755  24.696  3.941  1475.3  306.397  0.2043  6.7553 
Mean  306.202  0.2041 
No.  19  (5.07 %  C). 
Initial  Final  Difference  Total  M.S.H.  Weight 
temp.  temp.  caL 
(to)  (t2)  t2-lo  I 
t1-lz  q(tl-O)  (11-t2)  (gram) 
16.832  19.181  2.349  880.8  141.471  0.1572  8.7614 
16.514  18.807  2.293  881.2  141.791  0.1576  8.5311 
Mean  141.631  0.1574 
19.211  22.549  3.338  977.5  158.211  0.1582  11.1477 
'19,430  22.455  3.025  977.6  158.735  0.1587  10.0691 
Mean  158.473  0.1585 
16.143  20.525  4.382  . 1079.5  175.108  0.1592  13.1711 
16.812  19.736  2.924  1080.3  175.903  0.1599  8.7433 
15.171  18.546  3.375  1081.5  175.495  0.1595  10.1048 
Mean  175.502  0.1596 Specific  Heat  0.1  Iron-Carbon System at High Tempera.ures,  etc.  707 
Initial  Final  Difference  Total  lVLS.H.  "Weight 
temp.  temp.  cal. 
(to)  (t2) .  tz-to  I 
t1-/2  q(tl-O)  (t1-tzl  (gram) 
15.341  20.355  5.014  1129.7  224.268  0.1950  11.7556 
18.614  22.012  2.398  1128.0  225.173  0.1958  7.9471 
16.371  20.795  4.424  1129.2  224.869  0.1955  10.3475 
Mean  224.770  0.1955 
16.314  22.032  5.718  1178.0  237.415  0.1979  12.6710 
16.632  20.304  3.672  1179.7  237.972  0.1983  8.1080 
17.565  20.946  3.381  1179.1  237.725  0.1981  7.4775 
Mean  237.704  0.1981 
tl  = 1250°, 
16.814  22.206  5.392  1227.8  252.948  0.2024  11.2100 
16.217  19.886  3.669  1230.1  252.166  0.2017  7.6371 
17.518  20.871  3.353  1229.1  252.569  0.2021  6.9724 
Mean  522.561  0.2021 
tl  =  1350
0
, 
16.147  20.990  4.843  1329.0  279.108  0.2068  9.1040 
16.817  19.950  3.133  1330.1  280.211  0.2076  5.8622 
15.765  18.609  2.844  1331.4  280.300  0.2076  5.3144 
Mean  279.87'1  0.2073 
16.354  20.993  4.639  1379.0  286.612  0.2047  8.4871 
17.103  20.638  3.535  1379.4  288.104  0.2058  6.4325 
16.827  20.729  3.902  1379.3  287.934  0.2057  7.1044 
Mean  287.550  0.2054 
16.217  21.513  5.296  1478.5  306.104  0.2041  9.0655 
15.564  18.900  3.336  1481.1  307.206  0.2048  5.6812 
16.101  19.802  3.701  1480.2  306.289  0.2042  6.3241 
Mean  306.533  0.2044 708  Saburo  Umino. 
Each  specimen  thus  measured  contains  also  a  certain  amount 
of martensite corresponding to the temperature heated and its carbon 
percentage.  Therefore,  in order to obtain true results  corresponding 
to  the  equilibrium  diagram  of  iron-carbon  system,  these  numerical 
data  must  be  corrected  for  the  heat  of  transformation  martensite 
-~  pearlite. 
As  to  the  heat  of  transformation  from  martensite  to  pearlite, 
Prof. K. Honda(13)  first  made the measurement with 0.8 % carbon steel. 
After'wards,  the present writer(14)  obtained the heats of transformation, 
austenite ~  martensite and martensite ---pearlite,  with four kinds  of 
carbon steels of 0.28, 0.61, 0.79 and 1.57 percent carbon  by the  same 
method.  By adopting these values he made the correction by means 
of the iron-carbon diagram, and obtained the true specific heat at each 
temperature from  the  difference  in the  corrected heat content before 
and  after the observed  points.  The  corrected  numerical  values  are 
shown in  Table 2. 
Table  2. 
No.1  (0.07% C). 
Temp.  Obs. 
(0C)  (Cal.) 
900  147.612 
1000  161.13 
1100  177.743 
1200  194.804 
1300  211.950 
1400  299.549 
1450  238.302 
1480  246.321 
1500  256.582 
ISIS  282.073 
1540  322.070 
1570  327.734 
(13)  Sci.  Rep.,  S  (1919),  i97. 
(14)  Sci.  Rep.,  1. c. 
Cor, 
(Cal.) 
148.51 
161.83 
178.44 
195.50 
212.65 
230.25 
239.00 
247.02 
257.60 
283.51 
323.17 
328.83 
Cor. 
M.S.H.  T.S.H. 
0.1650  0.159 
0.1618  0.161 
0.1622  0.164 
0.1629  0.167 
0.1636  0.171 
0.1645  0.177 
0.1648  --
0.1669  --
0.1717  --
0.1871  --
0.2099  0.1926 
0.2095  0.1926 Specific Heat of Iron-Carbon Systeltt at High Temperatures,  etc.  709 
No.  2  (0.11 %  C). 
Temp.  Obs.  Cor.  - Cor. 
(0e)  (Cal. )  (CaL)  lVI.S.H.  T.S.H. 
900  147.521  148.62  0.1651  0_159 
1000  161.442  162.54  0.1625  0.160 
1100  177.433  178.53  0.1623  0.163 
1200  194.417  195.52  0.1629  0.166 
1300  211.728  212.83  0.1637  0.171 
1400  229.822  230.92  0.1649  0.175 
1450  238.907  240,01  0.1655  --
1480  245.002  246.10  0.1663  --
1490  256.378  2S9.72  0.1743  --
1500  271.790  269.55  0.1797  --
1510  289.851  291.02  0.1927  --
1540  321.372  323.17  0.2099  0.1925 
1570  327.080  328.88  0.2095  0.1925  . 
No.3  (0.13% C). 
--
Temp.  Obs.  Cor.  Cor. 
(0C)  (Cal.)  (CaL)  lVI.S.H.  T.S.H. 
"----
900  1'47.352  148.75  0.1653  0.159 
1000  161.067  162.47  0.1625  0.160 
1100  177.842  179.24  0.1630  0.163 
1200  194.332  195.73  0.1631  0.166 
1300  211.641  213.D4  0.1639  0.171 
1400  229.852  231.25  0.1652  0.175 
1460  240.717  242.12  0.1658  --
1487  259.324  261.72  0.1760  --
1490  263.311  265.00  0.1779  --
1500  274.620  276.46  0.1843  --
1510  300.723  302.57  0.2004  --
1540  320.764  323.16  0.2098  0.1924 
1570  326.490  328.89  0.2095  0.1924 
No.  4  (0.19% G). 
Temp.  I 
Obs.  Cor.  Cor. 
T.S.H. 
(0C)  (Cal.)  (Cal.)  M.S.H. 
900  146.834  148.83  0.1654  0.158 
1000  160.509  162.51  0.1625  0.159 
1100  177.607  179.61  0.1633  0.162 
1200  194.311  196.31  0.1636  0.165 
._--710  Sabuyo  Umino. 
Temp.  Obs.  Cor.  Cor. 
I 
T.S.H.  (0C)  (Cal.)  (Cal.)  M.S.H. 
1300  212.052  214.05  0.1647  0.170 
1400  229.651  231.65  0.1655  0.175 
1450  238.653  240.65  0.1660  --
1470  244.921  247.01  0.1680  --
1480  252.818  255.32  0.1725  --
1490  277.151  280.33  0.1881  --
1500  292.520  295.80  0.1972  --
1520  316.072  319.27  0.2101  0.1922 
1540  319.753  322.95  0.2087  0.1922  . 
1560  323.710  326,91  0.2096  0.1922 
No.  5  (0.30% c). 
Temp.  Obs.  Cor.  I 
Cor. 
I 
T.S.H.  (0C)  (Cal.)  (Cal.)  M.S.H. 
900  145.874  149.17  0.1657  0.157 
1100  176.462  179.76  0.1634  0.161 
1200  192.760  196.06  0.1634 .  0.164 
1300  210.721  214.02  0.1646  0.169 
1400  229.473  232.77  0.1663  0.175 
1440  240.032  243,46  0.1691  --
1460  251.215  255.27  0.1748  --
1480  271.663  276.34  0.1867  --
1487  294.930  299.64  0.2015  --
1490  300.383  306.53  0.2057  --
1520  313.324  319.47  0.2102  0.1919 
1560  320.832  326.98  0.2093  0.1919 
No.  6  (0.41 %  C). 
Temp.  Obs.  Cor.  Cor. 
(0C)  (Cal.)  (Cal.)  M.S.H.  T.S.H. 
900  144.613  149.21  0.165S  0.156 
1000  175.434  180.03  0.1637  0.160 
1200  192.020  196.62  0.1639  0.165 
1300  209.S91  214,49  0.1650  0.171 
1370  222.S82  227,48  0.1660  . 0.176 
1420  238.721  243.30  0.1713  --
1450  253,430  259.33  0.1789  --
1470  274.853  281.59  0.1916  --
1500  307.853  315.15  0.2101  0.1915  1560  318.901  326.20  ·0.2091  0.1915 Specific Heat of Iron-Carbon Syste'nt  at  Higl~ Temperatures,  etc.  711 
No.  7  (0.61% C). 
Temp.  Obs.  Cor,  Cor. 
(0C)  (Cal.)  (Cal.)  M.S.H  .  T.S.H. 
. 
900  144.461  149.36  0.1660  0.153 
1000  157.732  164,63  0.1646  0.155 
1100  176.800  180.46  0.1641  0.158 
1200  191.313  198.11  0.1651  0.163 
1300  209.242  216.04  0.1662  0.170 
1350  220.324  226.87  0.1681  --
1400  238.640  244.80  0.1749  --
1450  272.051  279.85  0.1930  --
1460  282.132  292.54  0.2004  --
1500  304.164  315.06  0.2100  0.191 
1560  315.794  326.20  0.2091  0.191 
No.  8  (0.77% C). 
Temp.  Obs.  Cor.  Cor.  T.S.H. 
(0C)  (Cal.)  (Cal.)  M.S.H. 
900  140.922  149.62  0.1662  0.152 
1000  156.024  164.72  0.1647  0.155 
1100  171.850  181.05  0.1646  0.158 
1200  188.353  197.55  0.1646  0.165 
1250  197.341  206.53  0.1652  0.167 
1320  215.214  222.31  0.1684  --
1350  224.266  231.16  0.1712  --
1400  245.435  252.90  0.1806  --
1430  263.252  273.03  0.1909  --
1470  295.621  309.42  0.2105  0.1905 
1500  301.230  315.03  0.2100  0.1905 
1540  308.622  322.42  0.2094  0.19°5 
No.9  (1.05% C). 
Temp.  Obs. 
\ 
Cor.  Cor.  T.S.H. 
(0C)  (Cal.)  (Ca1.)  l\LS.H. 
800  124.311  133.92  0.1674  0.180 
850  133.306  143.95  0.1694  0.212 
900  143.010  152.98  0.1700  0.150 
950  149.703  159.60  0.1648  0.152 
1000  157.332  167.23  0.1672  0.155 
1100  172.360  182.21  0.1657  0.160 
1170  183.856  193.72  0.1656  0.164 712  Saburo  Umino. 
Temp.  Obs.  Cor.  Cor. 
T.S.H.  (DC)  (Cal.)  (Cal.)  M.S.H. 
]200  188.494  198.41  0.1653  0.165 
1250  201.067  211.23  0.1690  --
1300  217.341  225.90  0.1738  --
1350  235.901  243.94  0.1807  --
1400  258.820  268.65  0.1919  --
1430  283.232  296.77  0.2075  --
1450  289.833  305.53  0.2107  0.1896 
1500  299.201  314.90  0.2099  0.1896 
1540  306.474  322.17  ·0.2092  0.1896 
• 
No.  10  (1.33% C). 
_. 
Temp.  Obs.  Cor.  Cor. 
T.S.H.  (0C)  (Ca1.)  (Cal.)  lVI.S.H. 
~ 
800  125.070  133.91  0.1674  0.147 
900  140.812  149.68  0.1663  0.175 
950  149.433  158.85  0.1672  0.198 
1000  160.112  169.51  0.1695  0.227 
1050  166.915  176.31  0.1679  0.156 
1100  174.210  183.52  0.1668  0.159 
1150  181.633  191.03  0.1661  0.162 
1200  193.77l  203.45  0.1695  --
1250  207.430  217.52  0.1740  --
1300  225.531  234.50  0.1804  --
1350  245.631  254.79  0.1887  --
]400  270.880  283.10  0.2022  --
]450  290.563  305.46  0.2107  0.1888  1500  299.712  314.61  0.2097  0.1888 
1540  307.312  322.21  0.2092  0.1888 
No.  11  (1.57% C). 
Temp.  Obs.  Cor.  Cor. 
(oC)  (Cal. )  (Cal.)  M.S.H.  T.S.H. 
. 
800  125.761  133.90  0.1674  0.145 
900  141.093  149.41  0.1660  0.157 
1000  157.506  166.25  0.1663  0.181 
1050  166.352  175.37  0.1670  0.196 
1080  172.816  181.55  0.1681  0.209 
1100  175.863  184.65  0.1679  0.158 
1120  178.510  187.48  0.1674  0.169 
1130  180.012  188.99  0.1672  0.161 Specific· Heat of Iron-Carbon System at Hzgh  Temperatures,  etc.  713 
. __  ._-
Temp.  Obs.  Cor.  Cor. 
T.S.H.  (0C)  (Cal.)  (Cal.)  M.S,H. 
1180  192.831  202.21  0.1714  --
1250  214,080  224.12  0.1793  --
1300  233.182  242.53  0,1866  --
1350  254.291  264.45  0.1959  .-
1420  285,274  299.47  0.2109  0.1881 
1450  290.836  305.03  0.2104  0.1881 
1500  300.270  314.47  0.2097  0.1881 
No.  12  (1.85% C). 
Temp.  Obs.  Cor.  I 
Cor.  T,S,H.  (0C)  (Cal.)  (Cal.)  :N1.S,H. 
I 
600  83.817  83.817  0.1397  --
700  102.916  102.916  0.1470  --
800  124.901  133.40  0.1668  0.152 
900  140.952  149.42  0,1660  0.156 
1000  ·157.440  165.91  0,1659  0,162 
1100  174.263  182.67  0,1661  0.171 
1150  189.001  197.83  0.1720  --
1200  204.501  213.89  0.1782  --
1300  241.354  251.15  0.1932  --
1350  264.903  276.20  0.2046  --
1400  281.931  295.43  0.2110  0.1873 
1500  300.550  314.05  0.2094  0.1873 
No.  13 . (2.40% C). 
--_." 
Temp.  Obs.  Cor.  Cor. 
T.S.H.  (DC)  (Cal.)  (CaL)  ]\;f,S.H. 
600  84.372  84.372  0.1406  --
700  103.243  103.243  0.1475  --
800  124.781  132.33  0.1654  0.153 
900  140.611  148.12  0.1646  0.157 
1000  156.970  164.48 
.. 
0.1645  0.163  , 
1100  173.653  181.10  0.1646  0.171 
1150  201.123  209.51  0.1822  --
1200  217.584  226.64  0.1889  --
1250  :  235.801  245.62  0.1965  --
1300  257.020  267.67 
, 
0.2059  --
1350 
: 
274.054  285.95  0.2118  0.1857 
1400  283.213  295.11  0.2108  0.1857 
1450  i  292.541  304.44  0.2100  0.1857 714  Sab~tro Umino. 
No.  14  (2.90% C). 
Obs.  Cor.  I  Cor.  Temp. 
I 
T.S.H. 
(0C)  (Cal.)  (Cal.)  M.S.H. 
600  85.050  85.050  0.1418  --
700  104.013  104.013  0.1486  --
800  125.180  131.85  0.1648  0.154 
900  140.851  147.25  0.1636  0.158 
1000  156.733  163.37  0.1634  0.163 
1100  173.312  179.90  0.1636  0.170 
1150  212.844  220.83  0.1920  --
1200  230.140  238.90  0.1991  --
1250  249.431  259.11  0.2073  --
1300  266.401  276.90  0.2130  0.1842 
1400  284.390  294.89  0.2106  0.1842 
1500  302.471  312.97  0.2087  0.1842 
No.  15  (3.00 %  C). 
-
Temp.  Obs.  Cor.  Cor. 
T.S.H.  (0C)  (Cal.)  (Cal.)  M.S.H. 
600  85.053  85.053  0.1418  --
700  104.006  104.006  0.1486  --
800  125.221  131.72  0.1647  0.154 
900  139.934  146.40  0.1627  0.158 
1000  156.910  163.37  0.1634  0.163 
1100  173.451  179.87  0.1635  0.170 
1150  214.562  222.47  0.1935  --
1200  232.153  241.05  0.2009  --
1250  252.351  262.00  0.2096  --
1300  266.772  . 276.97  0.2131  0.1839 
1400  284.724  294.92  0.2107  0.1830 
1500  302.750  312.95  0.2086  0.1839 
No.  16  (3.50% C). 
-
Temp.  Obs.  Cor.  Cor. 
T.S.H.  (0C)  (CaL)  (Cal.)  M.S.H. 
600  85.811  85.811  0.1430  --
700  104.753  104.753  0.1497  --
800  125.202  130.82  0.1635  0.155 
900  140.933  146.51  0.1628  0.159 
1000  157.250  162.83  •  0.1628  0.163 
1100  173.781  179.32  0.1630  0.169 
1150  226.442  233.96  0.2034  --
1200  245.303  253.81  0.2115  --
1250  258.864  267.66  0.2141  0.1826 
1300  267.701  276.50  0.2127  0.1825  1400  285.310 
.  294.11  0.2101  .  0.1825 Specific Heat of Iron-Carbon System at  H~gh Temperatures,  etc.  715 
No.  17  (4.30% C), 
Temp.  Obs.  Cor.  Cor. 
{0C}  (Cal.)  (Cal.)  M.S.H.  T.S.H. 
500  68.465  68.465  ~.1369  --
600  86.804  86.804  0.1447  --
700  105.962  105.962  0.1514  --
800  125.451  129.65  0.1621  0.157 
900  141.463  145.65  0.1618  0.160 
1000  157.842  162.03  0.1620  0.164 
1100  174.580  178.74  0.1625  0~69 
1150  242.511  249.11  0.2161  0.1801 
1170  246.073  252.67  0.2160  0.1801  ]200  251.402  258.00  0.2150  0.1801 
1800  269.218  275.82  0.2122  0.1801 
1400  287.434  294.03  0.2100  0.1801 
No.  18  (4.81% C). 
Temp.  Obs.  Cor.  Cor. 
(0C)  (CaL)  (Cal.)  M.S.H.  T.S.H. 
-. 
100  13.436  13.436  0.1344  --
140  18.316  18.316  0.1308  0.134 
180  24.395  24.395  0.1355  0.173 
200  28.452  28.452  0.1423  0.197 
220  32.275  32.275  0.1467  0.199 
240  35.431  35.431  0.1476  0.160 
260  •  38.675  38.675  0.1488  0.127 
280  40.875  40.875  0.1460  0.125 
300  43.675  43.675  0.1456  0.127 
400  56.875  56.875  0.1422  0.145 
500  69.488  69.488  0.1390  0.160 
600  86.811  86.811  0.1447  0.183 
700  106.524  106.524  0.1522  0.205 
730  114.352  117.310  0.1567  0.138 
740  116.000  118.452  0.1568  0.151 
760  118.570  121.634  0.1560  0.177 
800  126.160  129.10  0.1614  0.158 
900  142.212  145.13  0.1613  0.161 
1000  158.891  161.80  0.1618  0.164 
1100  175.670  178.56  0.1623  0.168 
1150  230.873  236.00  0.2052  --
1200  245.374  250.49  0.2087  --
1300  270.811  276.01  0.2123  0.1787 
1400  288.420  293.62  0.2097  0.1787 
1500  306.202  311.40  0.2076  0.1787 716  Saburo  U1ttino. 
No.  19  (5.07% C). 
Temp.  Obs.  Cor.  Cor. 
T.S.H.  (0e)  (Cal.)  (Cal.)  lVI.S.H. 
"  --
900  141.631  144.57  0.1606  0.161 
1000  158.473  161.40  0.1614  0.164 
1100  175.502  178.53  0.l623  0.168 
1150  224.770  229.30  0.1994  --
1200  2'l7.704  242.20  0.2018  --
1250  252.561  257.00  0.2056  --
1350  279.873  284.47  0.2107  0.1779 
1400  287.550  293.45  0.2096  0.1779 
1500  306.533  311.13  0.2074  0.1779 
According to the result of recent investigations,  no  inconsiderable 
amount  of  austenite  remains  untransforme'd in steels  of  high  carbon 
content, and therefore the correction above made is not quite sufficient. 
This amount of the austenite depends naturally on the carbon content 
of the specimens  and quenching temperature; but if it is  known, the 
correction  due  to the retained  austenite  can be  made  exactly.  As 
it is,however, not the case at present, this correction is left for a future 
occasion; but it can be concluded that the correction is  atmost of the 
order of one  percent  in  the  case  of mean  specific heat  and  is  much 
smaller in the case of true specific heat. 
(1)  Heat  Content and Specific Heat. 
The relation between the corrected heat content  of  one  gram  of 
the specimen and the temperature heated is  shown in Fig. 1.  vVhile, 
the mean specific heat at each temperature is shown in Figs.  2 and 3, 
and true specific  heat in Fig.  4.  The heat content  of cementite at 
each temperature is obtained by extrapolation from  the  curve of heat 
content to carbon concentration at the same temperature and is included 
in Fig.  1. 340 
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Thus  the  heat  content  continuously  increases  with  the  rIse  of 
temperature  and  shows  abrupt  changes  in  the solidifying range  and 
at  Al  point,  but the  Aa  line  and  the  solubility  curve  of cementite 
may only be recognized by a  change in the course of the heat content 
temperature  curves in crossing  these  lines. 
The mean specific  heats of carbon steels gradually  increase with 
the rise of temperature up to the A.l point, where it shows an abnormal 
ll1crease.  It shows  also  an abrupt increase  at peritectic point,  and 
in the range where solidus and liquidus phases  coexist, that is,  in the 
range of temperatures enclosed between the liquidus and solidus curves, 
the increase of the mean specific heat is  comparatively large, but after 
the complete melting,  the specific  he.at  rather  decreases. 
As seen from Fig. 4, the true specific heat of a carbon steel gradually 
increases with th.e  rise of temperature and attains a  constant value(15) 
after melting, this value decreasing with the increase of carbon content, 
(15)  K. Honda,  Phil.  Mag.,  45  (1923),  189. 720  Saburo  Umino. 
that is, from 0.192 of 0.07 % carbon to 0.178 of 5.07 %  carbon.  There-
fore the true specific heat of a carbon alloy should be 0.1733  in a  6.67% 
carbon  concentration,  i. e  the true  specific  heat  of  molten  cementite 
will be 0.173
3
,  In hyper-eutectoid steel, the true specific heat abruptly 
decreases  at Al  point,  but  afterwards,  it increases  gradually.  The 
true specific heat of it 4.81 %  carbon cast iron shows an abnormal change 
of Ao  point(16)  and afterwards  it increases  with  the rise  of  tempera-
ture,  till it  abruptly  decreases  at  the  Al  point;  then  it  gradually 
increases,  and after melting it takes almost a constant value. 
It was  found  by extrapolation "that the  mean  and true  specific 
heats  of cementite have an abnormal change  corresponding to the A 0 
transformation,  but show  naturally  no  such change  at the Al trans-
formation  point. 
(2)  Diagram of Iron-Carbon System determined by 
the Heat Centent Temperature Relation. 
(a)  Solubility Curve. 
IIi the range  between  the Al line  and  the  solubility  curve  of 
cementite,  steel  consists  of two  phases,  i. e.  austenite and  cementite; 
but above it, it consists solely of austenite independent of temperature 
and of  carbon concentration.  Hence it is  to  be concluded that the 
heat content temperature curve of steel changes its course and the true 
specific  heat shows an abrupt change, in crossing the solubility curve. 
As  seen in the  case  of  1.05.-.1.57%  carbon steels  (Fig.  5),  the heat 
content temperature curve has  each  one  break, at which it is  divided 
into  two  nearly  straight  parts, this break point being the solubility 
temperature of cementite. 
In the determination of the solubility curve  of cementite  in  the 
iron-carbon system,  P. Soldan(l7)  and I. Iitaka(lB)  used the electric, resis-
(16)  Sci.  Rep.,  1. c. 
(17)  Jour.  Iron and  Steel  rnst.,  7  (1916),  195. 
(18)  Sci.  Rep.,  7  (1918),  167. Specific Heat of Iron-Carbon  System at  High  Temperatures,  etc,  721 
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tance  method,  while  S. Konno(19)  and  T. Sat6(20)  used  a  differential 
dilatometric  method,  and  K. Honda  and  H. Endd21)  the  thermo-
magnetic  analysis.  All  these  previous  determinations  have  been 
found  almost in  agreement with that of the present writer.  Table 3 
shows  a  comparison  of  the  solubility  temperatures  by  the  above 
mentioned i:O:vestigators : 
Table  3. 
C  (%)  I 
1.05  I 
1.33  I 
1.57  I 
Methods 
Writer  870
0  1005
0  1092
0  Calorimetric 
determina  tion 
Solubility  I 
Temperature  Honda-
Endo 
868
0  1010
0  1098
0  Thermomagnetic 
determination 
Sato  I 
854?  I 
984
0 
I 
1087°  Thermal analysis 
(19)  Sci.  Rep.,  12  (1923).  127. 
(20)  Kinzoku-no-kenkyu.  6  (1929),  53. 
(21)  Sci.  Rep  .•  16  (1923).  235.  627;  Kinzoku-llo-kenkyu.  3  (1926).  492. 722  Saburo  Umino. 
(b)  Solidus and Eutectic Temperature. 
Many  investigators(22)  have  already  made  the  determination  of 
the solidus  curve of the iron  carbon system,  but  their, methods  of 
experiments  seem  to  be  somewhat  unsatisfactory.  Recently 
S.  Kaya(23)  made  a  measurement  of  electric  resistance  of  steel  and 
determined the solidus  curve based on the fact that the temperature 
coefficients  of steel changes discontinuously at the solidus point ;  while 
K. Honda and H. Endo(24)  determined the  solidus  from  the  position 
of a  break in the magnetic susceptibility  temperature curve.  Below 
the solidus,  steels all consist of a  solid solution, but above it, they are 
made up of a mixture of liquid and solid, their proportion varying with 
temperature.  Hence in reaching the solidus point, the heat content 
temperature curve will change its course abruptly, as seen from Fig. 1. 
This break point can be obtained as  the point  of intersection  of two 
portions of the same curve.  The following  table contains the  result 
thus obtained from Fig. 1. 
Table  4. 
__  C_{_%_}_-+I_o_._13----';I_o_.1_9_1i- 0 _,3_0-+1_0_._41----';1_0_,6_1+1_
0
_.7 _7 -+1_1._°_5  -:'  :_1_.3_3_1  1.57 
114870 114620 114270 113930 113350 112900 112200 111630 1 11400  Writer 
S.  Kaya  I  - 114600  114260 113940 113300 112800  112130  1 11680  1 11420 
K. Honda 
and H. Enda  - -- 14280  13930  13320  12880  12200  1173
0  11410 
We see that the values given in the above three rows, though slightly 
differ from each other, almost agree with each other.  A  point  on the 
solidus curve is  a  temperature at which,  during  cooling,  the gamma 
(22)  . Carpenter  and  Keeling,  Jour.  Iron and  Steel  lnst.,  1  (1904),  224; 
Gustowsky,  Meta1lurgie,  (1909),  731;  Asahara, Sci. Rep. of the lnst. Phys. and 
Chern.  Res.  Lab.  Tokyo,  2  (1924),  420. 
(23)  Sci.  Rep.,  14 (1925),  529. 
(24)  Sci.  Rep.,  16  (1927).  235. Specific Heat oj Iron-Carbon System at High Temperatures,  etc.  723 
crystal, that is, austenite ends to precipitate from a  mixture of austenite 
and liquid, and a point on the solubility curve is a temperature at which, 
during cooling, cementite begins to preciptitate from austenite.  There-
fore the point of intersection of these two curves is the temperature at 
which austenite and cementite begin to precipitate from the mixture of 
austenite and liquid.  Thus the present writer obtained ll30
0  as  the 
point  of intersection  of  these  curves  at the  carbon  concentration  of 
1.70  percent.  Thus the eutectic temperature is found to be 1130°. 
(c)  Liquidus and Peritectic Line. 
As  to  the liquidus of the iron-carbon system, Kohlschii.tter, Frank 
and  Ehlens(25)  already  reported  their  experimental  results.  Later, 
R. RueI' and P. Goerens(26) carried out also a determination of the liquidus 
and the peritectic line.  As  these  measurements  are to be made at 
very high temperatures, it is  very difficult to obtain a  suitable refrac-
tory materials for the container and the protecting tube for the thermo-
couple, and therefore very few previous investigations are satisfactory. 
The present writer used a  special high refractory magnesia tube made 
by the Imperial Steel Works and measured the heat content at short 
intervals of temperatUl'e.  As  the  specimen  has  a  few  changes  of 
state  at high temperatures,  the  heat  content  curve  will  show  the 
corresponding changes at these temperatures. 
By referring to the result of RueI' ,and Goerens,  the heat content 
temperature clU've  in the vicinity of the peritectic line was  obtained 
and the temperatures  at which the specimen changes  its state were 
determined,  as is shown in Fig.  6;  the result obtained in.  this way is 
given in Table 5. 
From  the  above  results,  the  equilibrium  diagram  of the  iron-
carbon system, Fig. 7, is obtained. 
(25)  Ann.  d. Chem.,  400 (1913),  268;  0. Ruff and W. Bormann, Zeit. Anorg. 
Chern.,  88  (1914),  397. 
(26)  Ferrum,  14  (1917),  161. 724  Saburo  Umino. 
Table  5. 
C  (%)  I 
Liquidus  Peritectic line  Il+r-iron 
Solidus  -+ y-iron 
0.07  1522
0  1487°  1445
0 
0.11  1517  1487  (?)  1475  (?) 
,0.13  1513  1487  1487
0 
0.19  1506  1487  1462 
0.30  1495  1487°  1427 
0041  1487  1393 
0.61  1475  1335 
0.77  1463  1290 
1.05  1440  1220 
1.33  1418  1163 
1.57  1394  1140 
1.85  1370  1130 
2.40  1327  1130 
2.90  1280  1130 
3.00  1270  1130 
3.50  1220  1130 
4.30  1130  1130 
4.81  1255  1130 
5.07  1310
0  ,  1130
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(3)  Heat of Reaction. 
(a)  Heat of Peritectic Reaction. 
The  heat required  for  the  peritectic  reaction  at  1487°  may  be 
obtained  from  the  difference  in  heat  content  before  and  after  this 
temperature.  That is,  from the heat content curves given in Fig. 6, 
the  heat  of peritectic  reaction  at  1487°  is  obtained  as  follows;-
Table  6. 
Heat of Peritectic Reaction. 
C  (%)  0.07  0.11  0.13  0.19  0.30 
Calories  0.0  9.6  14.7  10.7  4.0 
The relation between the heat of peritectic reaction and the carbon 
concentration  is  shown  in  Fig.  8. 
From this result, we see that the heat of peritectic reaction begins 
• 726  Saburo  Umino. 
from  0.07%  carbon,  reaches  a  maximum  value  14.7  calories  at 
20  0.13%  carbon  and ends at 0.36% 
t 10  L ~ 
II"  I"  '-
J 
..., 
~  o 
0.1  0.2  0.3 
--'p- Carbon Cone.  (%) 
Fig.  8. 
quantity of heat at the same point. 
carbon.  Thus  unit  mass of the 
specimen of 0.13% carbon consist-
mg  of  liquid  and  delta  crystal 
evolves during cooling 14.7 calories 
of  heat  in  order  to  change  the 
mixture  at  the  peritectic  tem.pc-
rature  into  gamma  crystal  and 
during heating, it absorbes the same 
(b)  Heat of Eutectic Reaction. 
From the heat content temperature curves  shown in  Fig.  1,  the 
heat of the eutectic reaction at the eutectic point, i. e.  1130
0
,  is obtained 
for  different  iron-carbon  alloys  as  follows:-
C  (%) 
Calories 
70 
60 
50 
<ii  u  40 
t 30 
20 
10 
o  f 
Heat 
1.85 I 
2.40 
3.5  I 
16.7 
0 
/\ 
I 
q 
I  \ 
L  \ 
If 
Table  7. 
of Eutectic Reaction. 
2.90 
29.0 
. 
I\. 
\ 
3.00  I 
3.50  4.30  4.81  5.07 
30.8  I 
42.6  61.2  47.2  41.0 
The relation between this  heat 
and  'the  carbon  concentration  is 
graphically  shown  in  Fig.  9. 
1  2  345  6  7 
From the result,  we see  that 
the heat  of  the eutectic  reaction 
of the iron-carbon system begins at 
1.70%  carbon,  and  reaches  the 
maximum  value' 'of  60.9  calories 
at the  eutectic  concentration,  i. e. 
4.30%  carbon.  This is the latent 
heat of fusion  of the eutectic alloy.  ~  Carbon Cone.  (%) 
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the points representing the heat of reaction for  the eutectic concentra-
tion  with  those  points  corresponding to 4.81 and 5.07% carbon cast 
iron almost passes through the 6.67 %  carbon concentration; this shows 
the vanishing  of the heat of eutectic reaction.  The above maximum 
value  of the heat  of eutectic  reaction  is  very  near  to  Schmidt's  59 
calories,(27)  which  was  obtained  by  the specimen  of 4.35%  carbon 
concentration;  but when it is  compared  with  the writer's  previous 
result of L16.63  calories for the specimen of 4.31 % carbon, a considerable 
difference exists between these  two.  As the eutectic temperature in 
this case  is  so high as  1169°, this difference is probably due to that of 
manganese  and  silicon(2B)  contained in  these  specimens. 
(4)  Heat of Fusion of Iron-Carbon System. 
In pure state iron melts at a definite temperature, but if the carbon 
content in  iron  increases,  it  does  not  melt  at  a  single  temperature, 
but in a certain range of temperatures, and so the heat of fusion cannot 
be simply obtained  from  the heat 
content before and after the fusion. 
The  present  writer  undertook, 
therefore,  to calculate the  heat of 
fusion  of  iron-carbon  system  by 
combining the experimental results 
with the  theoretical  consideration. 
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lL  I  In Fig. 10,  let  us  consider  a 
specimen  of  a  concentration  M; 
when  its  temperature rises to M I , 
the  eutectic  point,  the  quantities 
of  liquid  and solid  phases  are re-
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(27)  Metall.,  7  (1910),  164. 
(28)  K. Honda  and  T. Murakami,  Sci.  Rep.,  13 (1924),  1.  H. Sawamura, 
Mem.  Kyoto  Imp.  Uni.,  4  (1926).  No.4.  T.  Kikuta,  Kinzoku-no-kenkyu, 
3  (1926),  185. 
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specimen  to  be  one  gram. 
The heat content of the specimen at this temperature can be ob-
tained from  the  experimental result;  let  us  denote  this  heat  by  hI' 
When the temperature  rises  further  to  ~'113  point,  the  specimen  con-
sists wholly of liquid M.  If  we denote the heat content of this liquid 
by ha,  the total heat absorbed in the course of this  change is  ha -hI" 
.1l:l. E 
Now,  assume that -A  1  grams of the solid of composition  A  and 
ARt  E 
_~I  grams  of the liquid  are  raised  to  t~  and then  mixed.  If Qa 
AE 
be the heat to be absorbed during this process and SA' SE be the specific 
heats  of the solid  and liquid  phases  respectively,  then  the following 
formula  is  obtained:-
that  IS~ 
Qa  is  the  heat to be  absorbed  when the solid  of composition  A 
at t~  melts  into the liquid of composition E and forms a  uniform liquid 
M 3'  Hence if QE  be the heat required for the formation of a  uniform 
liquid  at  the  eutectic  temperature  from  the  two  co-existing  phases 
and 8M  be the  specific  heat of the liquid,  then the following  relation 
will  be  obtained :-. 
Here, since ha, hI and 8M  are the values known from our observation, 
QE  can be  obtained. 
(a)  Heat of :Fusion, Heat of Solution and Latent 
Heat of Fusion of Gamma Iron. 
Now,  from  the  above  equation  we  can  get the heat of fusion of 
gamma iron by using the observed results as follows  :- . 
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1.85 %  2.40 %  2.90 %  3.00 %  3.50 % 
Quantity of solid 
1 24.5  19  14  13  8  MiE  I  26  =0.941  2"6=0.730  26  =0.538  26=0.500  213  =0.308 
AE 
SM  0.1873 1  0.1857 1  0.1842 1  0.1839 1  0.1825 
713  294.66  I 
293.98  I 
293.55  I 
293.50  I 
293.0 
111  191.65  I 
203.54  I 
214.57  I 
216.79  I 
227.73 
hS-h]  103·°1  I 
90.44  I 
78.98  I 
76.71 
1 
65.27 
SM(tg-IE)  48.70  I 
48.28  I 
47.89  I 
47.81  I 
47.45 
QE  54.31  I 
42.16  I 
31.09  I 
28.90  I 
17.82 
Now  Q E  is  the heat to  be  absorbed when solid austenite and the 
liq  uid of composition E, which are in equilibrium with each other at the 
eutectic  temperature,  change  into  a  uniform  liquid 
eutectic .point,  this liquid M. does  not  QE  60 
really  exist,  so  that  QE  is  merely  a 
theoretical quantity.  When,  however, 
carbon concentration gradually decreases 
and  M.  approaches  the  concentration 
40 
A, the extreme value of QE  represents  t 20 
the heat that the  solid  austenite itself 
melts, i. e. it is the latent heat of fusion 
of austenite.  From the results  shown 
in  the  above  table,  we  get  Fig.  11. 
From  tllis,  we  see  that  the  value  of 
V 
o 
.1l1..,  but  at the 
J1 
V 
J1 
d V 
/' 
/ 
V 
0.5  1.0 
Fig.  QE  is  not exactly propOl'tional  to  the 
quantity of solid  mass M;E: A.E,  and depends 
relative quantities of solid mass and the liquid. 
more or less  upon the 
The heat to be required when one gram of the solid austenite melts 730  Saburo  Umino. 
into the liquid  of one  gram of eutectic  carbon, concentration,  can  be 
obtained  by  doubling  QE corresponding to 0.5  of JJi1E: AE in Fig. 11." 
That  IS, 
Qs =28.90 X 2 =57.80 calories. 
Again,  if the  above  calculation  is  applied to two  points,  such 
as  P  and Q  in Fig.  10,  the heat  of fusion  per gram of austenite of 
composition P, when it melts into the same quantity of liquid Q at t'O, 
can be obtained.  The  result thus  obtained is  given in Table  8. 
Table  8. 
Compo  of 
0.13  ,0.19  0.30  0.41  0.61  0.77  1.05  1.33  1.57  1.70  Solvent C(%} 
Compo  of 
0.36  0.75  1.20  1.59  2.29  ,2.75  3.50  4.02  4.17  4.30  Solute C(%) 
t'  [ 14870 ]1460<> 114280113950 113360 112900112220 111630 111400 111300 
I 
Heat of 
67.19  66.75  fusion  Q.  66.04  65.27  63.91  62.84  61.07  59.29  58.29 
These  results  will  be  graphically  shown  III Figs.  12  and  18. 
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From this relation, it will be seen that, with the increase of carbon 
concentration,  the  heat  of fusion  gradually  diminishes· and  with the 
rise of temperature, it increases steadily.  From Fig.  12,  we  get  the 
value of 68.0 calories as the latent heat of fusion of pure iron, provided 
it had no A4,  transformation.  The heat of A4,  transformation in pure 
iron at 1530°  can be calculated from its true specific heat as follows, 
1.86 +(1530 -1400) (0.185 -0.181) =2.38. 
So,  if we assume that pure iron has no A4 transformation at all,  the 
latent heat of fusion will  be 
65.65 +2.38=68.03 calories per gram, 
the observed value being 65.65.  The value agrees  satisfactorily with 
the above result,  68.0  calories. 
The values of QE  in the forgoing  page are the heat  of fusion  of 
austenite of each carbon conccntration,  when the austenite melts into 
the liquid of the corresponding carbon concentration;  but if we take 
the extreme value of MIE : AE=  1 in Fig. 11,  we get the latent heat 
of fusion  of austenite itself.  The heat  of fusion of austenite of each 
carbon concentration Qz  obtained in this  way is given in Table 9. 
, 732  Sab>tro  Umino. 
Table  9. 
Latent Heat of Fusion of Austenite and Its 
Carbon Concentration. 
Carbon cone. of 
0.13  0.19  0.30  OA1  0.61  0.77  1.05  1.33  austenite  ('Yo) 
1.57  1.70 
Temperature  114870) 14600) 1428
q 113930 ) 13360) 1290° )12200 111630 111400 )1130
0 
Q/  (Calorie)  67.19166.72166.01 )65.22163.86  62.76160.94)59.20158.20) 57.70 
These results are graphically shown in Figs. HI and 15. 
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From Tables 8 and 9, it will be seen that the relation of the latent 
heat of fusion to  the  carbon cOllcentratioR or  to  the  temperature  is 
quite the same as in the  case  of the heat of fusion. 
Next,  by referring to the  solubility line of gamma into delta iron 
in  the  diagram  previously  obtained,  the heat  required  for  one  gram 
of gamma iron to be solved into  one gram of delta iron of the  corres-
ponding carbon concentration may be obtained by a  similar calculation 
as  before,  and the result  is given in Table  10. 
Table  10. 
Heat of Solution of Gamma into Delta Iron. 
Composition of 
0.00  0.05  0.07  0.11  0.13  Solute  C(%) 
Composition of 
0.00  0.03  0.04  0.06  I 
0.07  Solvent  C(%) 
1400°  1433"  1447°  1474°  1487° 
Qs  (Cal.)  1.86  1.26  1.04  0.56  0.32 
The heat  of transformation from gamma to delta iron,  i. e.  1.86 
calories,r29) is the value obtained  experimentally by the present  writer. 
The  relation  of the  heat  of  solution  to  the carbon concentration of 
• 
solute or to the temperature is graphically shown in Fig.  16. 
(y  -+  0) 
~r-llEm tHil 
o  0.05  0.10  1400  1450  1500 
---+- C  (%)  -+- T  (0C) 
Fig.  16. 
(29)  S. Umino,  1. c. 734  Salntro  Umino. 
This  shows  that  with  the  increase  of  carbon  concentration,  or 
with the rise  of temperature, the heat of solution of gamma iron  into 
delta iron  decreases. 
(b)  Heat of Fuion and Latent Heat 
of Fusion of Delta Iron. 
The  same  calculation  used  in  obtaiiling  the  heat  of  fusion  of 
gamma iron may also be applied  to  the  case  of  delta iron  and the 
liquid.  The  heat  of  fusion  of delta  iron  thus  obtained  is  given 
below: 
0.11 %  0.13 %  0.19 %  0.30 % 
Quantity of  25  23  17  0 "8- 6 
delta iron  29 =0.861  29 =0.794  29 =  .0  <>  29 =0.207 
5],1 
1 
0.1925  I 
0.1924  I 
0.1922  0.1919 
113  I 
319.82  I 
319.81  I 
319.78  319.70 
hI  I 
257.23  I 
261.58  I 
275·°9  299.54 
!la-hI  I 
62.5  I 
58.2  I 
44.6  20.1 
5M(ta-tE)  I 
6.74  I 
6.73  I 
6.73.  6.72 
QE  I 
55.85  I 
51.50  I 
37.96  13.44 
The heat of fusion  QE  is  almost  proportional to the quantity  of 
solid mass of delta iron, as is shown in Fig. 17.  The end value of the 
heat of fusion  of delta iron,  64.8 calories,  is  the latent heat of fusion 
per gram  of  delta iron  of 0.07%  carbon  itself.  The  heat  to  be 
required when one gram of the solid  delta  iron melts  into the  liquid 
of the same  quantity of the  corresponding  carbon  concentration can 
be obtained  by  doubling  QE  cOLTesponding  to 0.5  of the  quantity of On the  SPeC-tfic  Heat of Iron-Carbon System at  High Temperatures.  735 
delta iron in Fig.  17.  Thus  we  get 
Qs =32..1,5 X 2 =64.90  calories.  60  J 
V 
Next,  in  order to see the change 
in the heat of fusion of delta iron due 
to  the  decrease  of  its  carbon  con-
centration,  the  writer  obtained  hy 
interpolation the heat  of fusion of the 
specimens .  of  0.03. and 0.05 % carbon 
from  those of 0.07%  carbon and pure 
iron,  which  the writer obtained in his 
experiment. .  The result of the calcula-
tion is given in Table 11. 
/ 
20 
/ 
o 
Table  11. 
Heat of Fusion of Delta Iron and 
Its Carbon Concentration. 
Composition of Solute  C(%)  I 
0.0  0.03 
Composition of Solvent  C(%)  I 
0.0  0.16 
t'  I 
1530°  1511
0 
Qs  (Cal. )  I 
65.65  65.31 
This  relation  is  shown  in Fig.  18; 
J 
/ 
/ 
( 
0.5 
--+- a-Iron 
Fig.  17. 
0.05 
\ 
0.26  I 
1498
0  I 
65.10  I 
o  0.03  0.07  1470  1500  .  1530 
___ Carbon Cone. (%)  --- Temp. in Degr. 
Fig.  18. 
1.0 
0.07 
0.36 
1487° 
64.90 
This shows that the heat of fusion of delta iron decreases with the 
increasing carbon  concentration,  and increases  with the  temperature. 
Next, the  end value of the heat of fusion  of delta iron in Fig.  17 736  Sabul'o  Umino. 
is the latent heat of fusion of delta iron itself,  and this  value  can be 
obtained by extrapolation.  A similar calculation has been applied for 
delta  iron  of  lower  carbon  concentrations  with the  results  given in 
Table 12. 
Table  12. 
Latent Heat of Fusion of Delta Iron 
and  Its Carbon  Concentration  . 
. 
Carbon Cone.  of  Delta Iron 
0.00  0.03  0.05 
C(%) 
Temperature  1530°  1511
0 
Ql  (Calorie)  65.65  65.30  65,07 . 
0.07 
1487° 
64.84 
From this result, it will be seen that these values of latent heat of 
fusion  of  delta iron is  almost the same  as  the heat of fusion.  The 
melting temperature of delta iron falls  with increasing carbon concen-
tration, while the latent heat of fusion slightly decreases. 
(c)  Latent Heat of Fusion and Carbon Concentration 
of Gamma and Delta Irons at a given Temperature. 
The latent heat of fusion of gamma and delta irons so far obtained 
being a  function  of temperature and carbon concentration, the writer 
tried to obtain by calculation the change of the latent heat of fusion 
in these two phases, when it is reduced to the same temperature. 
If  LlQ/  denotes the change of the latent heat of fusion· due to the 
change of temperature LItO,  we get by Kirchhoff's equation(30) 
If the  latent  heat  of  fusion  of  delta  or  gamma iron  at  t'O  is  to  be 
reduced  to  that  at  1530° ·and  the· mean  values  of the true specific 
(30)  Pogg.  Ann.,  103  (1858),  454 .. Specific  Heat of Iron-Carbon System at High  Temperatures,  etc.  737 
heats of liquid and solid are respectively 8 M  and 8s,  the above equation 
becomes 
LlQz=(1530 -t')£8 
=(1530 -t') (81-8,). 
Table 13 contains the results of calculation for LlQl  together  with the 
values of t',  S.,  8 1 and Ql; here as the latent heat of fusion  Qz  at  t'O, 
the values estimated from the values in Tables  9  and II are taken. 
Table  13. 
Latent Heat of Fusion at 1530°. 
C{%) 
{ 
0.03  1511 0  0.1927  0'1822  0.20  65.30  65.50 
a-iron  0.05  1498  0.1926  0.1820  0.34  65.06  65.40 
0.07  1487  0.1926  0.1819  0.46  64.84  65.30 
0.13  1487  0.1924  0.181 0  0.47  67.19  67.66 
0.19  1460  .0.1922  0.181 2  0.77  66.72  67.49 
0.30  1428  0.191 9  0.18°8  1.18  66.01  67.19 
0,41  1393  0.1916  0.1793  1.67  65.22  66.89 
y-iron  0.61  1336  0.19°0  0.1781  2,48  63.88  66.36 
0.77  1290  0.19°5  0.1774  3.13  62.76  65.89 
1.05  1220  0.1896  0.1762  4.16  60.94  65.10 
1.33  1163  0.1888  0.1748  5.14  59.19  64.33 
1.57  1140  0.18~  0.1743  5,42  58.20  63.62 
1.70  1130'  0.1877  0.1738  5.54  57.70  63.24 
The  relation  between  the  latent  heat  of fusion  and  the  carbon 
concentration at  1530°  is  graphically  shown  in Fig.  19,  in which,  it 
will be seen that the latent heat of fusion of delta or gamma iron de-
creases  with  the  increase  of  carbon  concentration. 
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The latent heat of fusion of gamma iron of zero  carbon at 1530° 
may  be  obtained  by  the  extrapolation  of  the  above  curve.  It is 
68.0 calories per gram of gamma iron; this is  about 2.4 calories larger 
than that of  delta  iron  of the  same  carbon concentration. 
Again,  the latent heat of fusion  at 1130
0  can be obtained by the 
same  calculation  as  follows; 
Here 81  represents  the mean value of the true  specific  heat  of  solid 
at t'  ,...",llBOo and 8 2  that of liquid respectively.  The calculated values 
of the latent heat of fusion  at 1130°  are given in Table 14. 
c( %) 
{ 
0.03 
3-iron  0.05 
0.07 
0.13 
0.19 
0.30 
0.41 
')I-iron 
0.61 
0.77 
LOS 
1.33 
1.57 
1.70 
Table  14. 
Latent Heat of Fusion at 1130°. 
t' 
1511
0 
1498 
1487 
1487 
1460 
1428 
1393 
1336 
1290 
1220 
1163 
1140 
1130
0 
"'-
~ 
57 
o 
ro-. 
0.1927  0.1728  7·58 
0.1926  0.1726  7.36 
0.1925  0.1725  7.14 
0.1924  0.1723  7.17 
0.1922  0.1717  6.75 
0.191 9  0.1712  6.18 
0.1915  0.1703  5.56 
0.1909  0.1692  4.48 
0.1905  0.1680  3.60 
0.1896  0.1651  2.20 
0.188g  0.1621  0.89 
0.1881  0.1615  0.27 
0.1877  0.161  0 
-
1130· 
~  --c  -. 
t'O'-... t'o.  ...  ..... r-o 
. 
0.5  1.0  1.7 
Carbon Cone.  (%) 
Fig.  20. 
65.30  57.72 
65.06  57.70 
64.84  57.70 
67.19  60.02 
66.72  59.97 
66.01  59.83 
65.22  59.66 
63.88  59.40 
62.76  59.16 
60.94  58.74 
59.19  58.30 
58.20  57.93 
57.70  57.70 
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Here, as the latent heat of fusion Qz  at t'C,  the values  estimated from 
the  values  in  Tables  9  and  11  were  taken as  before.  The  relation 
between the latent heat  of fusion  and carbon concentration is given 
in  Fig.  20. 
The  above  figure  shows  that  the  latent  heat  of fusion  of  delta 
and gamma iron at 1130
0  decreases with the increase of carbon concen-
tration just as the same at 1530
0
,  and the latent heat of fusion of gamma 
iron  becomes  57.7  calories  per gram for  a  1.70%  carbon. 
The latent heat of fusion of pure gamma iron at ll30
0  is found to 
be 60.2 calories per gram by the extrapolation of the curve in Fig. 20. 
This is 1.60 calories larger than that of delta iron of the  same carbon 
concentration. 
(d)  Heat of Solution of Gamma Iron to Delta 
Iron at a  given Temperature. 
The heat of solution of gamma iron into delta iron is also a function 
of temperature and carbon content; so  it will be convenient to reduce 
the heat to the A4 point in pure iron, i. e. to 1400
0
,  by using the same 
relation  as  before,  1. e. 
Ll Qs= (tl-~) (S;+ S;' - 2Ss)' 
Here the S;  and S:  are  the mean  values  of  the  specific  heat  of 
solute and solvent in the range of temperatures  tl.-.-t~,  assuming that 
the total amount of specimens is two grams, al;td  Ss  is the mean specific 
heat,  when the two parts are mutually dissolved and become a  homo-
geneous  solid.  The  results of calculation are  shown  in Table 15;. 
here  Qs  are  the  values  given  in Table lQ. 
Table·15. 
Heat of Solution at HOOD. 
-
Comp.  of  I 
-,  -/I 
2S
5  -LlQs  Qs  Qs-LlQs  Solute C(%) 
t1  t2  Ss  S5 
0.05  1433°  1400°  0.1764  0.1854  0.3648  0.10  1.26  1.16 
0.07  1447  1400.  0.1766  0.185s  0.3650  0.14  1.04  0.90 
0.11  1474  1400  0.1769  0.185s  0.365;  0.22  0.56  0.34 
0.13  1487
0  1400
0  0.1771  0.1860  0.3661  0.26  0.32  0.06 740  Saburo  Umino. 
This  tahle  shows  that  at  1400°,  the  heat  of  solution  decreases 
with the increase of carbon concentration and almost vanishes at 0.13% 
carbon,  and  that  the  line  drawn  through  the  mean  position  of 
thesc points intersects the axis of pure iron at 1.86 calories,  as  IS  seen 
from Fig.  21. 
y __ (;  (1400°) 
2.0 """"'-'-"""-"""'-"""'-""T""-""""""" 
Q s  t  1.0 
O~~--~--~--~-~--~~  o  0.05  0.10 
~  Carbon Cone.  (%) 
Fig.  21. 
In the  same  way,  the heat  of solution  at the peritectic  tempe-
rature,  1487°,  will  be  obtained,  as is seen in Table 16. 
Table  16. 
Heat of Solution at the Peritectic Tcmperaturc 1487°. 
Compo  of 
tl  t2 
I  -"  JQs  Solute C(%l  Ss  Ss  2Ss  Qs  Qs+LlQs 
0.00  1400°  1487°  0.1777  0.1850  0.3667  0.35  1.86  2.21 
0.05  1433  1487  0.1782  0.1856  0.368  0.22  1.26  1.48 
0.07  1447  1487  0.1784  0.1861  0.3685  0.16  1.04  1.20 
0.11  1474  1487  0.1790  0.1867  0.37°2  0.05  0.56  0.61 
0.13  1487°  1487
0  0.1792  0.1870  0.3712  0  0.32  0.32 
TIllS  relation  IS  shown in Fig.  22. 
Y -- tJ  (1487°) 
3.0 
0....  .... f'-.. ~  )", 
f"""" r..... 
Qs  2.0 
t 1.0 
o 
o  0.05  0.10 
Carbon Cone.  (%) 
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In this  case  also,  the heat  of solution decreases with the increase 
of carbon concentration as in the case of 1400°. 
(e)  Heat of Fusion and Carbon Concentration 
of Gamma and Delta Iron at 
a  given Temperature. 
The heat  of fusion  of gamma  and  delta Iron  at  temperatures 
1530°  and  1130°  can be  calculated  from  Tables  8  and  10  by  the 
following formula. 
fusion, it becomes 
If we  take  LlQs  as  the variation  of the heat  of 
Here, S;I  and S;  are the mean values  of the specific  heat  of  solvent 
and  solute,  i. e.,  melt  and  delta  or  gamma iron  in  the  range  of 
temperatures t1",-,t2,  and SM  is the mean specific  heat, when two parts 
are mixed and form  a  uniform liquid.  The  results  thus  calculated 
are  given  in  Table  17. 
Table  17. 
Heat of Fusion at 1530°. 
r 
-
Compo  of  -,  -, 
AQs  Qs  Qs-AQs  Solute C( %)  tl  t2  25"'1  SM  S5 
j{ 
0.03  1530°  151 to  0.3850  0.1922  0.1822  0.17  65.31  65.48 
0.05  1530  1498  0.3846  0.1920  0.1820  0.33  ·65.10  65.43 
0.07  1530  1487  0.3844  0.1917  0.181 9  0.46  64.90  65.36 
0.13  1530  1487  0.3841  0.191 7  0.1815  0.47  67.19  67.66 
0.19  1530  1460  0.3830  0.19°6  0,1812  0.79  66.75  67.54 
0.30  1530  1428  0.3812  0.1893  0.180s  1.18  66.04  67.22 
0.41  1530  1393  0.3795  0.1880  0.1793  1.67  65.27  66.94 
1'1  0.61  1530  1336  0.3769  0.1861  0.1781  2.46  63.91  66.37  0 
.!:1  0.77  1530  1290  0.3753  0.1847  0.177,  3.17  62.84  66.01  •  ~ 
1.05  1530  1220  0.3722  0.1825  0.1762  4.18  61.07  65.25 
1.33  1530  1163  0.3697  0.1809  0.1748  5.14  59·29  64.43 
1.57  1530  1140  0.368s  0.180,  0.1743  5.48  58.29  63.77 
1.70  1530°  1130
0  0.3679  0.1801  0.1738  5.60  57.80  63.40 742  Saburo  Umino. 
Heat of Fusion at 1130°. 
Compo  of  - -,  -, 
LlQs  Qs  Qs-LlQs  Solute C (%) 
tl  t2  25M  5M  5s 
-
j { 
0.03  1130
0  1511"  0.3850  0.192.  0.1748  6.86  65.31  58.45 
0.05  1130  1498  0.3846  0.1920  0.1744  6.70  65.10  58.38 
0.07  1130  1487  0.3843  0.1917  0.1741  6.60  64.90  58.30 
0.13  1130  1487  0.3841  01917  0.1724  7.14  67.19  60.05 
0.19  1130  1460  0.3830  0.1906  0.171 7  • 6.75  66.75  59.92 
0.30  1130  1428  0.3812  0.189s  0.1712  6.19  66.04  59.85 
0.41  1130  1393  0.3795  0.1880  0.1703  5.57  65.27  59.70 
1'1  0.61  1130  1336  0.3769  0.1861  0.1690  4.51  6:3.91  59.40  8  .....  0.77  1130  1290  0.3753  0.1847  0.1678  3.65  62.84  59.19  ,  .... 
1.05  1130  1220  0.3722  0.1825  0.1643  2.28  61.07  58.79 
l 
1.33  1130  1163  0.3697  0.1800  0.1620  0.88  59.29  58.41 
1.57  1130  1140  0.3688  0.180'1  0.161 9  0.27  58.29  58.02 
1.70  1130
0  1130
0  03679  0.1801  0.161()  0  57.80  57.80 
The relation  of the heat of solution to the carbon  concentration 
of solute at these temperatures is  similar  to that of the latent heat 
of fusion  to the carbon  concentration. 
(5)  Heat of Transformation. 
(a)  Heat of Ao  Transformation. 
Fig. 23 shows the heat content temperature relation in the visinity 
of the Ao point of the specimen of 4.81 %  carbon concentration, and the 
true specific heat at each temperature was obtained from the observed 
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data.  From the true specific heat temperature curve thus obtained(31), 
the area enclosed between the curve and the  dotted line,  as  shown in 
Fig. 24, was measured; this quantity is the heat of the Ao or magnetic 
transformation(32) of the specimen, and amOlUlts to 6.75 calories per unit 
mass  of the specimen.  It  is  also  the heat  of  transformation  of 
cementite per gram of the specimen of  4.81 % carbon,  and  therefore 
the  same heat  per  gram  of  cementite  becomes  9.35  calories.  This 
value  agrees  satisfactorily with the writer's  previous  result  obtained 
with specimens of 0.57, 0.94 and 1.16% carbon. 
(b)  Heat of A I  and A 2  Transformations. 
The writer's  previous  expeTiment  on  the  Al  transformation  was 
made with specimens up to  2.84% carbon concentration and that of 
the A2 transformation with specimens up to 0.77% carbon concentration. 
In the present experiment the writer measured the heat of Al and A2, 
transformations with a  specimen of 4.81 % carbon  concentration,  and 
compared it with those previously obtained.  As  for the heat of  the 
Al transformation, the writer obtained 5.2 calories from the difference 
in heat content before and after 720
0  as shown in Fig. 25.  This  value 
(31)  S. Umino, Kinzoku-no-kenkyu, 3  (1926),  288;  Sci. Rep., 16 (1927),593. 
(32)  K. Honda  and  H. Takagi,  Sci.  Rep.,  2  (1913),  204;  K.  Honda  and 
T. Murakami,  Sci.  Rep.,  6  (1917),  23;  K. Honda,  Sci.  Rep.,  5  (1916),  28. 744  Saburo  Umino. 
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stands  in  harmony  with  the  previous  ones  and  shows  that  the 
heat of transformation  should vanish at a 6.67% carbon concentration. 
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For the heat of the  A2 trans-
formation,  a  quantity  of  1.0'1 
calories  was  obtained  by 
measurmg  the  area  enclosed 
between  the true specific  heat 
temperature curve  and dotted 
line as shown in Fig. 26.  For 
the easiness of comparison with 
the previous  ones,  this  value 
is  graphically shown in Fig.  27,  together  with  the  previous  results; 
the line  intersects  with  the  axis  of  concentration  at  6.67 percent 
of  carbon,  showing  that  the  A2 transformation  vanishes  at this 
concentration. 
(c)  Heat of Aa Transformation. 
The  heat  of transformation  of  alpha  into gamma phase in  iron 
containing different percentages of carbon can be obtained by the same 
calculation  as  in the case  of fusion heat  of gamma iron,  using the Specific Heat of Iron-Carbon System at High Temperatures,  etc.  745 
present and his previous results(33}.  In the case of temperature below 
800°,  the heat content was taken under the assumption that the speci-
men has no magnetic transformation.  The heat of solution of alpha into 
gamma iron thus obtained is given below: 
0.11  0.19  0.30 
Quantity of  0.878  0.790  0.667  alpha iron 
-_. 
Sy  0.157  0.156  I  0.155  I 
ha  151.6  151.8  I  ]52.1  I 
hI  105.7  ]07.4  I  110.0  [ 
hs-hl  45.9  44.4  I  42.1  I 
S..,.  (ta-tE )  31.3  31.2  I  31.0  I 
QE  14.6  13.2  I  11.1  I 
The  relation  between the heat  of 
solution QE  and the quantity  of  alpha 
iron is shown in Fig. 28.  In this case 
also, as in the previous case, QE is almost 
proportional to  the  quantity  of alpha 
non.  As  the  heat of transformation 
QA", we get 16.6 calories from the figure. 
The heat  Q  to be required when one  s  • 
gram of alpha iron  dissolves  into  the 
same mass of gamma iron of the corres-
ponding  carbon  concentration  can  be 
obtained by doubling  QE  corresponding 
to the quantity  0.5  of alpha iron. 
That is,  Qs=8.37 x 2=16.74. 
t 
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(33)  Sci.  Rep.,  18  (1929),  91.  .  Sci.  Rep.,  16  (1927),  1009. 746  Sab1-tI'O  Umino. 
Thus if we find the heat of transformation per gram of alpha into 
gamma iron along the solubility curve,  i. e.,  the heat of the A3 trans-
formation, the results given in Table 18 are obtained. 
Temp. 
Table  18. 
Heat of Transformation  QA3  from 
Alpha to Gamma Iron. 
861
0  720
0 
QA.(Cal.)  5.59  7.00  8.00  9.30  10.50  12.90  14.90  16.60 
t 
20 
'\. 
10 
o 
700 
'"' 
~  In. 
~ 
~  I'-n.. 
800  900 
--+ Temperature in °C 
The relation between QAa and the 
temperature is  graphically  shown in 
Fig.  29.  Here,  5.59 ealories at zero 
carbon  concentration  extrapolated 
from others coincide with the previous 
experimental  result.  The  heat  of 
transformation  of  alpha  to  gamma 
iron decreases with  temperature, and 
therefore if LI ~ denotes  the decrease  Fig  29. 
of the heat  per  degree,  it becomes 
LI Q =  16.60 - 5.60  = 0.055 . 
p  920-720  ' 
that is  0.055  calories per gram is obtained. 
Next, the results of calculation for the heat Q.  are given in Table 19. 
Table  19.  • 
Heat of Solution Qs  of Alpha to Gamma Iron of 
Corresponding  Carbon Concentrations. 
C ('Yo)  0.0  0.19 I 0.30 I 0.41  I 0.61 
Temperature  920
0  861
0  I 833
0 
\  808
0 I  769
0 I 
0.77  0.90 
740
0  I 
720° 
Q s  (Calorie)  5.59 I 7.00  8.00 I  9.32  \10.53  \12.96  115.00  \16.74 Specific  Heat  of Iron-Carbon  System at H2gh  Temperahwes,  etc.  747 
The relation between the heat Qs  and temperature,  and that  between 
Qs  and  carbon  concentmtioll are graphically shown in Figs. BO and B1. 
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From the above result,  it will be seen that the heat to be required 
when one gram of alpha iron dissolves into the same quantity of gamma 
iron of the corresponding carboll concentration is somewhat larger than 
the heat of transformation of one gram of alpha to gamma iron.  This 
increase  of heat  is  a  function  of temperatme  as  well  as  its carbon 
concentration.  Reduced to the same temperature of 720°,  the  heat 
variation can be given by 
where, 8'1'  and Sa are the mean values of the true specific heats of two 
solids at the temperature range of t'  ,.....720°  respectively, and 8. is  that 
after  the  mutual  dissolution.  The  results  thus  calculated  are 
given  in  Table  20.  The  relation  between the  heat  of solution and 
carbon concentration is graphically shown in Fig. B2. 748 
C(%) 
0.0 
0.11 
0.19 
0.30 
0041 
0.61 
0.77 
0.90 
Sabul'o  Umino. 
Table  20. 
Heat of Solution  Q s  of Alpha into Gamma  Iron 
of Corresponding  Carbon Concentration at 720°. 
t'  I 
920
0 
884 
861 
833 
808 
769 
740 
720
0 
~ 17 
u 
t  16 
-
Sy 
0.158 
0.158 
0.158 
0.1576 
0.157 
0.1572 
0.156 
0.156 
o 
I 
LlQ.  Q s  Sa  2Ss 
I 
0.185  0.288  11.0  I  5.59 
0.185  0.2846  9.60 
I  7'00 
I 
0.185  0'282  8.61  8.00 
0.135  0.278  7.30  9.30 
0.J85  0.2726  6.10  10.50 
0.185  0.267  3.69  12.90 
0.185  0.256  1.70  14.90 
0.185  0.249  a  16.60 
710
0 
0.2  0.4  0.6  0.8 
--+- Carbon Cone.  (%) 
Fig.  32. 
Qs+LlQs 
I 
16.59 
16.60 
16.61 
16.(;2 
16.68 
16.65 
16.70 
lG.74 
(6)  Specific Heat, Heat of Fusion, Heat of Solution, 
and Latent Heat of Fusion of Cementite. 
(a)  Specific Heat and Latent Heat 
of Fusion of Cementite. 
..-~ 
The  specific  heat  of  cementite cannot be measured  directly,  but 
its value at a  given temperature  is  obtained by extrapolation of the 
specific  heat carbon  concentration  curve  at  this  temperature,  which 
is constructed from  the'  observed values  of the specific heat of steels 
and cast irons of different carbon concentrations.  So the value of the 
specific  heat  of  cementite  is  more  accurate,  as  the  range  of  carbon 
concentration is wider.  In the writer's previous paper,  the range of 
temperature investigated was limited to 900
Q  and the carbon content 
to 2.811  percent; but in the present case, both of them  were  extellded 
to 1600° and 5.07 percent carbon respectively. Specific Heat of hon-Carbon System at High  Temperatures,  etc.  749 
From the cur-ves  of the heat content, the mean specific heat and 
the true specific  heat,  plotted against carbon concentration at each of 
different  temperatures,  these  three  quantities  for  cementite  were 
obtained by extrapolation.  The accuracy of these -values is -very great, . 
because at a  given temperature,  the -variation  of the heat  content  of 
these specimens with carbon content is -very  slight and moreover these 
cur-ves are straight for high carbon specimens.  For example,  the same 
cur-ves  after  melting are  shown  in Fig.  33.  Table 21  contains the 
results obtained in the above way. 
~ 330 
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Table  21. 
"..  1600°C 
.,.. 
6  7 
Heat Content and Specific Heat of Cementite. 
Temperature  Heat content  ·1  Mean specific heat  I  True specific heat 
100°  14.5  0.1450  0.119 
150  21.0  0.1400  0.165 
200  30.7  0.1535  0.215 
250  40.1  0.1605  0.172 
300  47.0  0.1567  0.138 
400  59.9  0.1498  0.144 
500  73.0  0.1460  0.150 
600  91.5  0.1525  0.156 
700  108.0  0.1543  0.159 
800  124.8  0.1560  0.161 
900  141.3  0.1570  0.164 
1000  158.5  0.1585  0.166 
noo  175.0  0.1591  0.167 
1600  326.8  0.2043  0.173 
1650°  335.3  0.2032  0.173 750  Saburo  Umino. 
For the melting point of cementite, a value 1600° is obtained from 
the heat content concentration curves.  The relation between the heat 
content and the temperature,  or  that  between the  specific  heat  and 
the temperature, is seen from Figs. 1--.,4. 
The  latent  heat  of fusion  of cementite  was  found  to  be  65.0 
calories per gram of the specimen from the difference in heat content 
above and below its melting point.  Its value at 1530°, that is  Q11530, 
can be  obtained by the following  formula: 
Q11530=Q11600 -(1600 -1530)(0.1733 -0.1723) 
=65.0 -0.07  =64.93. 
That is,  QI1530  is  64.93  calories,  which  is  larger  by  1.5  calories 
than  the  latent  heat  of fusion  of a  gamma crystal of 1.70% carbon, 
and  is  0.72  calories  less  than  the  value 65.65 calories for pure delta 
iron at the same temperature. 
(b)  Heat of Solution of Cementite  . . 
The  heat of solution  of cementite in austenite, that is,  the heat 
of solution  along  the solubility curve  of cementite  may be obtained 
as in the case  of the heat of fusion of gamma iron.  In  the  case  of 
solid  gamma iron,  the true  specific  heat  is  a  function  of tempera-
ture.  The  true  specific  heat  at  t~  cannot  be found directly, but 
it  may  be  found  from  extrapolation  of  the  true  specific  heat  of 
the  specimen  lJ!li  at  high  temperatures  or  that of other specimens. 
Now, if we  take the temperature  720
0  as  t~,  and.  By  as  the  mean 
value  of true specific  heat of  solid gamma iron,  the following  result 
is obtained: 
M,  L05% C  1.33% C  1.57% C 
Quantity of Cementite  0.0260  0.0745  0.1161 Specific Heat of Iron-Carbon System at  High Temperatttres,  etc.  751 
Sy  I 
0,153  I 
0.152  I 
0.151 
"3  I 
187.2  I 
188.2  I 
188.9 
"1  I 
124.17  I 
125.1  I 
125.85 
h3-hl  I 
3.03  I 
3.09  I 
3.05 
Sy (ts-iE)  I 
62.!75  l 
63.32  I 
61.91 
QE  I 
0.28  I 
0.77  I 
1.14 
For one gram of Cementite  )  10.76  I 
10.34  I 
9.82 
The relation between .the heat of solution per gram of cementite and 
the carbon concentration is graphically shown in Fig. 34. 
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Fig.  34. 
From the result, it will be seen that the heat of solution per gram 
of  cementite  at the  temperature  720°,  i. e.,  Al transformation point, 
depends  upon  the  position  of Mi'  The  heat  of solution  decreases 
linearly with the increasing carbon  concentration,  and at 0  and 0.9% 
carbon concentration the heats become 12.9 and 11.2  calories respecti-
vely.  These heats depend upon the quantities of gamme iron as well 
as carbon concentration.  Therefore, the relation between the  quan~ 
tity of gamma iron and the heat of solution to be given in Fig. 38  is 
shown in Table  22  and in Fig.  35. 752  Saburo  Umino. 
Table  22. 
FesC  0.9 
Heat of Solution  Heat of Solution 
C (%)  (720°)  (1130°) 
1.05  1 gr.  37.45 gr.  10.86  12.38 
1.33  1  12.43  10.30  11.76 
1.57  1  7.61  9.86  11.19 
9 
,.cr  I 130
0 
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II  720
0 
I  ~ 
I / 
I 
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~  u  11 
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-- Grams  (YO.9) 
Fig:  35. 
From this figure, it may be seen that the heat of solution per gram of 
cementite  increases  with  the  quantity  of  solvent,  i. e.  gamma  iron 
of 0.9 % carbon  concentration.  By a  similar  calculation,  the  heat 
of solution of cementite along the solubility curve will be obtained, and 
the results  are shown in  Table 23.  From a  thermodynamical  cal-
culation  based  on  the  equilibrium  diagram  of  iron-carbon  system, 
F. Korber and W. Oelsen{M) reported 30.2 calories as the heat of solution 
per gram of cementite to dissolve into gamma solid  soluti~n, but this 
value is very large as compared with that of the present writer. 
Table  23. 
Carbon (%)  I 
0.90  1.05  1.33  1.57 
Temperature  I 
720°  870°  1005°  1092° 
Heat of Solution (Cal.)  I 
11.15  11.16  10.56  9.86 
(34)  Arch.  Eisenhiitenwes.,  May,  (1932),  5691. Specific  Heat oj Iron-Carbon  System at  High Temperatures,  etc.  753 
The relations  of the heat  of solution  to carbon  concentration  and 
to temperature are graphically shown in Figs. 36 and 37. 
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From the result, it may be seen that the heat of solution decreases 
gradually with the l'ise  of temperature as well as the increasing carbon 
concentration, and that at 1130
0  it becomes  9.4 calories  at  the point 
of 1.7 percent carbon concentration.  As  mentioned above,  the  heat 
of solution of cementite is  a  function of temperature as well  as  carbon 
concentration, and the heat at a temperature of 1130
0  can be calculated 
as before; the results are given in Table 24.  Here, Be  and By  are the 
mean values of the true specific heats of cementite and gamma iron of 
0.9% carbon concentration at the temperature  range  of  t~,....,t~,  and Bs 
is that in the case, when the two parts are mixed and form a  homoge-
neous  solid.  The  specific  heat  of a  specimen of 0.9  percent carbon 
concentration was obtained by extrapolation from other cases. 754  Saburo  Umino. 
Table  24. 
Heat of Solution at ll30
o
• 
-
LlQ;  C(%)  t1  tg  So  Sy  2Ss 
0.90  1130
0  720
0  0.164  0.1498  0.310  1.56 
1.05  1130  870  0.165  0.1507  0.311  1.22 
1.33  1130  1005  0.1665  0.1571  0.314  1.20 
1.57  1130
0  1092
0  0.167  0.184  0.317  1.33 
Heat of Solution at 720
0
• 
0.90  720
0  720
0  0.159  0.1308  0.289  0 
1.05  870  720  0.16°8  0.1314  0.29°1  0.32 
1.33  1005  720  0.1625  0.1324  0.294  0.25 
1.57  1092°  720
0  0.1635  0.1356  0.297  ° 
The relation is graphically shown in Fig. 38. 
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Fig.  38. 
(c)  Heat of Fusion of Cementite along 
the Liquidu,s. 
Q; 
I  I 
Q/ +.dQt 
11.15  12.71 
11.16  12.38 
10.56  11.76 
9.86  11.19 
11.15  11.15 
11.16  10.84 
10.56  10.31 
9.86  9.86 
Just in the same way as in the case of the heat of fusion of gamma 
crystal,  the present writer calculated the heat of fusion  of cementite 
in the case of hyper-eutectic cast iron as follows: SPecific  Heat of Iron-Carbon System at High Telnperatures,  etc.  755 
Mi  4.81% c  5.07% C 
Quantity of cementite  10.2  .  0215 
47.4  .  15.4  = °  32~  47.4  .;) 
S,tI  0.1787  0.177u 
113  329.20  328.98 
h1  231.51  224.67 
1I3-h1  97.69  104.31 
SM (ia-tE)  83.99  83.61 
QE  13.70  20.70 
If  we calculate the latent heat of fusion of cementite at 1130
0  from 
its true specific heat, we will obtain the value 
65.0 -(1600  "':"-1130)(0.1738 -1.0703) =63.59. 
The relation of QE and the quantity of cementite will be given in Fig. 39. 
From this figure,  it will be seen that 
the heat to be required. when cementite 
melts into the liquid of the correspond-
ing carbon concentration depends upon 
the  relative  quantities  of  cementite 
and  the  liquid.  Accordingly,  the 
heat  produced  when  one  gram  of 
cementite melts  into the same quantity 
of liquid can be obtained by doubling 
QE  which  corresponds  to  0.5  of the 
quantity  of  cementite  in  Fig.  39. 
Thus  we get 
31.84 X 2 =63.68  calories. 
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The  heat  of fusion  per  gram of  cementite  along  the liquidus  of 756  Saburo  Umino. 
the hyper-eutectic  cast iron,  when  one gram  of  cementite melts  into 
the same quantity of the liquid of the eorresponding carbon concentra-
tion; can  be  obtained in the same way as before; the results are given 
in Table  25  and in Fig.  40. 
Table  25. 
Heat of Fusion  of Cementite and Carbon  Concentration. 
Carbon  (%)  Temperature  Heat of Fusion  (Cal.) ,  Qs 
4.30 
4.81 
5.07 
1130° 
1255° 
1310° 
f' ::, J±ftT I HtFJ 
4  5  6  1100  1300  1500 
-- Carbon Cone.  (%)  ---- Temp. in °C 
Fig.  40. 
63.68 
64.05 
64.16 
Thus wc see that the heat of f~sion increases with the rise of tempera-
ture  or  of  carbon  concentration,  and from the extrapolation of these 
curves, we get 65.0 calories per gram at 6.67 % carboll concentration,  the 
melting  temperature being  1600°.  It is  also  important to know the 
heat  of fusion  at  a  given temperature,  for  example,  at  1600°  and 
1130°.  As  before the variation of heat .JQs  by temperature  change 
can be given by 
Here,  S~f and S;  are the mean value of true specific  heats  of  liquid 
and cementite at the temperature range of t~  .....,t~, and S M  is  that of melt 
when. the two parts are mixed and forms a uniform liquid.  The results 
of calculation are given. in Table 26. :-,pecific  Heat of Iron-Carbon System at High Temperatures,  etc.  757 
Table  26. 
Heat of Fusion of Cementite at 1600°. 
Compo of  to  t  25M 
-, 
S~  Solvent C(%)  1  2  SM  LlQs  Q s  Qs+LlQ  .. 
, 
4.30  1600
0  1130
0  0.3534  0.18°1  0.17°3  1.41  63.68  65.09 
4.81  IGOO  1255  0.3519  0.1786  0.1703  1.02  64.05  65.07 
5.07  1(100°  1310
0  0.3520  0.1779  0.171  0.89  64.16  65.05 
Heat of Fusion  of Cementite at 1130°. 
4.30  1130
0  1130
0  0.3534  0.1801  0.1682  0.00  63.68  63.68 
4.81  1130  1255  0.3519  0.1786  0.169s  0.44  64.05  63.61 
5.07  1130  1310  0.3520  0.1779  0.171 0  O.5G  64.16  G3.GO 
(1.G7  1130"  1600
0  0.3466  0.1733  0.1703  1.41  65.0  G3.59 
I 
~  - 1600 
65 
t  64 
~  1130 
The relation between the heat 
and the carbon  concentration of 
solvent  is  graphically  shown ill 
Fig. 41.  It will be seen that the 
heat of fusion' decreases  slightly 
with the increase  of carbon con-
centration  at  each of two tem-
peratures 1600° and 1130°, and in-
creases by a constant amount with 
the rise of temperature,  indepen-
dent of carbon concentration. 
456 
--- Carbon  Cone.  (%) 
Fig.  41. 
(7)  Heat of Mixture of Melts in 
Iron-Carbon System. 
On the heat of mixture of molten metals many reports have been 
already made by many investigators(05), but no publication on the heat 
of mixture in the case of iron-carbon system has eVer  been appeared. 
(35)  A. lV[agnus  and  M. Manheimer,  .Zeits,  Phys.  Chern.,  121 (1926),  267; 
G. N. Lewis  and  M. Randal,  J. A. C. S.,  43  (1921),  23il;  M. Kawakami,  Sci. 
Rep.,  16  (1927),  915. 758  Saburo  Umino. 
The present writer intended  to calculate  this heat of mixture for iron-
carbon system from his experimental results. 
(a)  Heat of Mixture of Gamma Iron. 
The heat of  fusion of one  gram of  gamma  iron,  which  has been 
calculated in the previous article, is the sum of the latent heat of fusion 
itself and the  heat of  mixture  of it to one  gram  of the liquid of the 
corresponding  carbon  concentration at that temperature.  Hence,  if 
Q.,  QI  and H  be the heat of fusion  to the corresponding liquid,  the 
latent heat of fusion  and the heat of mixture respectively, the follow-
ing  equation will be obtained: 
Here, since Qs  and Ql  can be known as before, we can obtain the value 
of H. 
The following table contains the values of Qs  and Q/ given in Table 
14 and 17, and also H  : 
C (%) 
0.13 
0.19 
0.30 
0041 
0.61 
0.77 
1.05 
L33 
1.57 
1.70 
Table  27. 
Heat of Mixture of Gamma Iron at 1130°. 
60.05 
59.92 
59.85 
59.70 
59.40 
59.19 
58.79 
58.41 
58.02 
57.80 
60.02 
59.97 
59.83 
59.66 
59.40 
59.16 
58.74 
58.30 
57.93 
57.70 
H 
0.01 
0.01 
0,01 
0.02 
0.02 
0.03 
0.05 
0.07 
0.09 
0.10 
Here,  H  has been  calculated  from  the  mean values .  of  Q.  and Ql' 
The relations of Qs and Q/ to carbon concelitrations are graphically shown 
in Fig. 42. Specific Heat oj Iron-Carbon  System at  High  Temperat~tres, etc.  759 
Qs  and Q/ of Gamma Iron at 1130°. 
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Fig.  42. 
It  will be seen that the heat of mixture H  is very small and slightly 
mcrcases  with  carbon  concentration  of  gamma  iron,  as  is  shown  in 
Fig.  43. 
FI at 1130
0 
0.2 
oJ  0.1  u 
~ 
~  0  t 
0  0.5  1.0  1.7 
-+- Carbon Cone.  (%) 
Fig.  43. 
Thus we see that the heat of mixture will vanish in pure iron and the 
latent heat of fusion of pure gamma iron is 60.2 calories per gram. 
In the previous calculation of the heat of fusion  of gamma iron, 
the  heat  Qs  with  which one gram of austenite of 1.70% carbon melts 
into  the  same quantity  of  the  liquid  of  the  corresponding  carbon 
concentration,  is  not  exactly  equal. to  the heat  of fusion  of  solid 
austenite  itself;  this fact  indicates  that the  heat  is  required  when 
liquid  austenite  mixes  with  the liquid  of  the  corresponding  carbon 
concentration.  If we denote by <I.,  {J  (<I. +  (J = 1)  the relative quantities 
of solid austenite and the liquid and by Hl the difference of <I.(Qs-Q/); 
Q/ being 57.72 calories, then we have the relation shown in the following 
table,  which  contains  the result  of calculation for  steels  of different 
carbon contents: 
• • 
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Table  28. 
I 
HI  1YI;  I 
QE=aQs  aQ,  HI  afJ  ]{= 
afJ 
1.85  54.31  54.30  0.01  0.055  0.18 
2.40  42.16  42.12  0.04  0.197  0.20 
2.90  31.09  31.04  0.05  0.249  0.20 
3.00  28.90  28.85  0.05  0.250  0.20 
3.50  17.82  17.77  0.05  0.213  0.23 
Mean  ]{=0.20 
From this table, it ,¥ill be seen that HI is proportional to the product 
of the relative  quantities.  of  solid  austenite  and the liquid;  therefore 
if K  be the proportional constant, we have HI  = Krt. {1. 
The heat of mixture H'M when the total mass of the specimen is ?n, 
If  a and b represent the quantities of the two phases, the above equa-
tion  becomes 
Here the proportional constant depends upon the concentration and the 
temperature of two liquids.  Since the heat of mixture given in Fig. 
43 is the heat to be required, when one gram of each of two liquids mixes 
with each  other,  the  same  figure  represents  the  relation  of the half 
value of the constant K to the carbon concentration of gamma iron. 
QI  shown in Fig. 42 is the latent heat of fusion  of gamma crystal 
of . different  concentrations  ranging  from  0  to  1.70 %  carbon  at the 
eutectic temperature, but the latent heats of fusion ofy-crystals of pure 
iron and of a  sp~cimen containing 1.70%  carbon are  60.20  and  57.70 
calories respectively.  Hence if the heat of mixture were  absent, the 
latent heat of gamma crystals  should  fall  on  the line Q!  connecting 
these  two  points.  The relation. between  QI' and Q!  is  shown in 
Fig. 44. Specific  Heat oj  Iron-Carbon System at High Temperatures,  etc.  761 
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Thus  the  difference  between  Q,  and  Q!  is  the  heat  of  mixture 
required when the liquid of pure iron of a grams mixes with that of (I-a) 
grams  of 1.70% carbon concentration.  Now,  if Hi,  /X  and  fJ  be the 
heat of mixture and the relative quantities of two parts respectively, 
the numerical relation among them is given in Table 29. 
Table  29. 
C (%) 
1 
Ql  Q;  HI  a{3  K=  HI 
a.{3 
0.00  60.21  60.21  -- -- --
0.13  60.02  60.01  0.01  0.071  0.14 
0.19  59.97  59.95  0.02  0.099  0.20 
0.30  59.83  59.80  0.03  0.145  0.21 
0.41  59.66  59.62  0.04  0.183  0.22 
0.61  59.40  59.34  0.06  0.231  0.26 
0.77  59.16  .59.10  0.06  0.248  0.24 
1.05  58.74  58.69  0.05  0.236  0.21 
1.33  58.30  58.26  0.04  0.171  0.23 
1.57  57.93  57.91  .0.02  0.069  0.29 
1.70  57.70  57:70  0  -- --
Mean  K=0.22 
Here,  as the  values  of Ql  the mean values in the curve  was  taken; 
thus if equal quantities of two liquids are mixed  and form  a  homoge-
neous liquid of one gram, the heat of mixture becomes 
Hl  =O.22/X{J=0.55  calories. 762  Sabur6 rfmino.· 
Next, consider the heat of mixture to be required when the liquid 
austenite of 1.70%  carbon concentration mixes with liquid cementite. 
The latent heat of fusion of cementite is 63.59 calories per gram as shown 
in  Table  26,  and  also  that  of  austenite of 1.70%  c.arbon is  57.70· 
calories per gram at  the same  temperature  as  shown in  Fig. 11  and 
Table 9.  Therefore,  the values  of Q!  can  be  obtained as before,  and 
consequently HI is known, as is shown in Table 30 and in Fig. 45. 
, 
Table  30. 
Heat of Mixture of Cementite and Austenite at 1130°  . 
. 
C (%)  Ql  Q;  HI  afj  J{=J!L 
a  f3 
1.70  57.70  57.70  0.00  -- --
1.85  57.89  57.87  0.02  0.029  0.69 
2.40  58.59  58.53  0.06  0.121  0.50 
2.90  59.20  59.11  0.09  0.184  0,49 
. 
3.00  59.32  59.23  0.09  0.194  0,46 
3.50  59.94  59.83  0.11  0.231  0.48 
4.30  60.91  60.79  0.12  0.249  0,48 
4.81  61.51  61.39  0.12  0.234  0.51 
5.07  61.80  61.69  0.11  0.218  0.50 
6.67 
I  63.59  63.59  0.00 
• 
Qt  and Q;  at 1130°. 
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Thus the heat of mixture is  proportional to the product  ocfJ,  the 
proportional constant J( being 0.51 ;  hence 
Hl  =0.51 ct.fJ,  or  H.,.=0.51 oc~ m. 
(b)  Heat of Mixture of Melts at High Temperatures. 
Since the heat of mixture of two liquids is a function of temperature, 
the present "writer  tried to obtain the heat of· mixture at 1530° from 
that at the eutectic temperature.  The heat of fusion ~  at the eutectic 
temperature required when one gram  of gamma iron  melts into the 
same quantity of the liquid  of.  the  corresponding  carbon  concentra-
tion  will  be  seen  from  Table  17,  and  the latent  heat of fusion  of 
gamma  iron  itself at the  same  temperature  are  already  given  in 
Table 13.  The  relation  of  these. heats Qs  and  Q/  to  their  carbon 
concentration  is  shown in Fig. 46. 
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The difference between Qs  and Qz  is the heat of mixture required, 
when  one gram of liquid  austenite· mixes  with the same quantity of 
liquid  of  the  corresponding  carbon  concentration.  If we  find  the 
values  of  Qs  and  Qz  fl'om  each  of the mean curves shown  in Fig. 46 
and take their difference, the results in Table 31 are obtained. 764 
C (%) 
0.13 
0.19 
0.30 
0.41 
0.61 
0.77 
1.05 
1.33 
1.57 
1.70 
Saburo Umino. 
Table  31. 
Heat of Mixture of Liquids at 1530°  . 
. )  Q s (Cal.) 
67.67 
67.52 
67.23 
66.94 
66.40 
65.97 
65.21 
64.44 
63.77 
63.40 
Ql (Cal.) 
67.66 
67.50 
67.20 
66.90 
66.35 
65.90 
65.11 
{-14.32 
63.62 
63.24 
0.01 
0.02 
0.03 
0.04 
0.05 
0.07 
0.10 
0.12 
0.15 
0.16 
The.relation between the heat of mixture and the carbon concentra-
tion is graphically shown in Fig. './;7. 
HI at 1530°. 
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Fig.  47. 
From this result,  it will be seen  that  the heat  of mixture  is  nearly 
proportional to carbon concentration,  as in the case  of  eutectic  tem-
perature. 
Next, we  shall consider the heat of mixture to be absorbed when 
the liquid  of pure iron mixes  with the liquid of 1.70  percent  carbon 
concentration  at  1530°.  The  latent  heats  of  fusion  Q/  of  gamma 
crystal of pure iron and that of 1.70% carbon concentration,  at 1530°,. 
are already  known  and  have  the  values  of  68.00  and  63.24  calories 
'per gram respectively.  Therefore, if the heat of mixture were  absent, 
the latent heat of fusion  of a  gamma  crystal  in  the  range  of  0  to 
1.70%  carbon' concetration  should  fall  on  the ,line  Q;  connecting 
these two points.  The relation between Ql' or Q;  and carbon concent-Specific Heat of Iron-Carbon  System at  High  Temperat'ures,  etc.  765 
ration is  graphically shown in Fig. 48. 
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The  difference  between  Ql  and Q{  is  the heat  of mixture  to  be 
absorbed when at 1530° the liquid of pure iron mixes into the liquid 
of 1.70 perccnt carbon concentration in a  definite proportion.  Then, 
if HI>  0.:,  fJ  and K  have the same meaning as before, the results given in 
Table 32  are obtained. 
Table  32. 
Heat of Mixture of liquid at 1530°. 
-- --.-
~  . 
C (%)  Qt  Q;  HI  a  {J  HI 
K=-~ 
af3 
0.13  67.66  67.64  0.02  0.071  0.28 
0.19  67.50  67.47  0.03  0.099  0.28 
0.30  67.20  67.15  0.05  0.145  0.35 
0.41  66.90  66.84  0.06  0.183  0.33 
0.61  66.35  66.28  0.07  0.231  0.30 
0.77  65.90  65.82  0.08  0.248  0.32 
1.05  65.11  65.03  0.08  0.236  0.34 
1.33  64.32  64.26  0.06  0.171  0.35 
1.57  63.60  63.60  0.02  0.069  0.29 
:lYIean  K=0.32 
Thus  the  proportional  constant K  is  greater by about  0.10  than III 
the case of eutectic temperature. 
The  latent heat  of  fusion  of  a  given  specimen  above  1.70% 
carbon  concentraion at 1530°  can be obtained from the  difference  of' 766  Saburo  Umino. 
heat  content  before  and  after  the  point,  by  extrapolating  the  heat 
content curve below the eutectic temperature up to 1530°,  or may be 
calculated from the true specific heats at these temperatures as before. 
The  heat  thus  calculated  is  given  in  Table  33.  Herc,  8 1  and 
S  2 are the mean values of true specific heats at these temperatures, and 
Ql  at  the  eutectic  temperature  was  obtained  from  the  curve  Q, 
given in the foregoing figure 45. 
C (%)  t 
1.70  400 
1.85  400 
4.20  400 
2.90  400 
3.00  400 
3.50  400 
4.30  400 
4.81  400 
5.07  400 
6.67  400 
Table  33. 
Latent Heat of Fusion (il at 1530°. 
s~  I 
0.1869 
0.186s 
0.1856 
0.1844 
0.1840 
0.1820 
0.1802 
0.1790 
0.1780 
0.1730 
s  . 
2 
0.1733 
0.1732 
0.1730 
O.I72g 
0.1725 
0.1716 
0.1714 
0.1714 
0.1709 
0.1696 
5.53  57.70 
5.44  57.89 
5.00  58.59 
4.64  59.20 
4.60  59.32 
4.16  59.94 
3.52  60.91  . 
3.04  61.51 
2.84  51.80 
1.36  63.59 
_.  '-
63.23 
62.33 
63.59 
63.84 
63.92 
64.10 
64.43 
I  64.55 
I 
64.64 
64.95 
Also, the heat to be absorbed, when each of austenite and cementite 
melts separately and mixes together with' each other at 1530°, can be 
calculated from the latent heats  of two  extreme  menbers,  i. e.  63.23 
and  64.9!;  calories.  From the  straight  line  Q[  connecting  these  two 
points  and  Q.  curve  shown  in  Fig.  49,  the  heat  of mixture can  be 
obtained as before. 
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The following table contains the result of calculation together with 
the values of K  : 
Table  34. 
Heat of Mixtme and Its Proportional Constant at 1530°. 
,  '  .  ". 
c (%)  Ol  0;  HI  af3  I 
K=  Hi 
up 
._---- , 
1.85  63.32  63.29  0.03  I 
0.029  1.03 
2.40  63.61  63.48  0.13  0.121  1.07 
2.90  ,  63.85  63.65  0.20  0.184  1.09 
3.00  I  63.91  (13.69  0.22  0.194  1.13 
3.50  64.11  63.85  0.26  0.231  1.13 
4.30  6,1.41  64.14  0.27  0.249  1.08 
4.81  64.56  64.30  0.26 
I 
0.234  1.11 
5.07  64.63  64.39  0.24  0.218  1.10 
Mean K=l.09 
Thus we see that HI and K  are nearly doubled as compared with those 
at eutectic  temperature  given  in  Table 30.  'When the equal quanti-
ties of liquids are mixed and form a  homogeneous liquid of one gram, 
the heat of mixture becomes 
HI  =1.09 oc{J=0.27  calories. 
(c)  Heat of Mixture of Delta Iron. 
As the la,.tent heat of fusion of delta iron of 0.07 percent of carbon, 
a  value  of 64.84  calories  at the  peritectic temperature was  obtained 
from  the  curve  shown  in  Fig. 17.  In  the  same  way,  the latent 
heat of fusion in the case  of 0.03 and 0.05 percent of carbon can be 
obtained and the result is given in Table 35 and Fig. 50. 
Table  35. 
Latent Heat of Fusion Q of Delta Iron. 
C (%)  Temp. (0C)  Ol 
0.00  1530  65.65 
0.03  1511  65.30 
0.05  1498  65.06 
0.07  1487  64.84 768 
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Thus  with  the  increase  of carbon  concentration,  the latent  heat 
of fusion  of  delta iron  decreases  and with the rise  of temperature  it 
increases.  If the  same  quantity  is  reduced  to the  peritectic tempe-
rature,  the Tesults  gIven  in Table 36 and graphically shown in Fig. 51 
are  obtained. 
Table  36. 
Latent Heat of Fusion Ql  of Delta Iron at 1487°. 
c (%)  I  Llt(t-1487) I  S  1  LlQz 
0.00  43 
0.03  24 
0.05  11 
0.Q7  0 
QI  (1487°) 
-a 
u  65  n. 
,f. 
I 
64 
0  0.03 
0.1928 
0.1927 
0.1926 
,  0.1925 
0.07 
0.1815  0.49  65.65  65.16 
0.18°4  0.27  65.30  65.03 
0.18°2  0.14  65.06  64.92 
0.18°0  °  64.84  64.84 
The difference  betwcen Ql and ~ 
reduced to  the same  temperature  is 
the heat  of  mixture  to be  required, 
when the liquid of one gram of delta 
iron  mixes  with  that  of  the  same 
quantity of the corresponding carbon 
- Carbon Cone.  (%) 
. Fig.  51.  concentration. 
thus obtained are given in Table 37. 
The  numerical data 
Table  37. 
Heat of Mixture of Delta Iron at 1487°. 
C (%)  Q s  Ql  HI 
0.00  65.15  65.15  0.00 
0.03  65.05  65.03  0.02 
0.05  64.96  64.92  0.04 
0.07  64.90  64.84  0.06 SPecific  Heat  of Iron-Carbon  System at High  Temperahwes,  etc.  769' 
It  is seen that the heat of mixture is proportional to the carbon concent-
ration  of  delta  iron;  this  is  also 
evident from Fig. 52. 
We  shall  further  consider  the 
value  of  K  in  the  case  when the 
liquid  of delta iron  of  0.07  percent 
carbon  mixes  with  that  of  the 
corresponding  carbon  concentration, 
the result  of calculation  is  given in 
Table 38. 
Table  38. 
"  . 
C (%)  QE=aQs  aQI  HI 
::r::  ....  0.1 
t  0 
o 
HI at 1487°. 
L.o 
0.3  0.7 
- Carbon Cone. (%) 
Fig.  52. 
up  K=  HI 
uf3 
0.11  55.85  55.83  0.02  0.120  0.17 
0:13  51,50  51.48  0.02  0.165  0.12 
0.19  37.96  37.93  0,03  0,242  0.12 
0.30  13.44  13.42  0.02  0.164  0.12 
Mean  R'=O,13 
Next, the heat of mixture at 1530° is given in Table 39 and Fig. 53. 
Table  39. 
Heat of Mixture of Delta Iron at 1530°. 
C(%)  '1 
Qs  (Cal.) 
0.00  65.65 
0.03  65.55 
0.05  65.46 
0.07  65.37 
Thus, it.  will be  seen that the heat  of 
mixture  Increases  ...  with  carbon  con-
centration. 
(d)  Heat of Mixture and Heat of 
Solution of Cementite. 
The heat of fusion  Qs  per gram of 
cementite  which  dissolves  into  the 
Ql  (CaL) 
65.65 
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65.40 
65.28 
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liquid  of  one  gram  of  the  corresponding  hyper-eutectic  cast  iron 
at the eutectic  temperature can be  obtained from Table  26,  and the 
latent heat  of fusion  of cementite,  Q[,  is  63.59  calories  per  gram. 
'I'hen.the difference between Qs  and Ql is the heat of mixture; the result 
of calculation is given in Table ,.1;0 •. 
Table  40. 
Heat of Mixture of Cementite at 1130
0
• 
C (%)  Q s  Q[  Hl 
---- ~----.. 
4.30  63.68  H3.59  0.09 
4.81  113.111  63.59  0.02 
5.07  (13.60  H3.59  0.01 
6.67  65.59  63.59  0.00 
We have  seen that the heat of mixture when one  gram  of  liquid 
cementite mixes with the same quantity of gamma iron of 1.7% carbon 
concentration  is  0.26  calories,  thus the values  in Table  40  together 
with this  value  are graphically  shown in Fig. 54. 
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From this,it may be seen that the heat of mixture of pure iron 
is  0.43  calories and decreases with the increase of carbon concentration. 
C (%) 
1.70 
4.30 
4.81 
5.07 
6.67 
Table  41. 
Heat of MLxture  of Cementite at 1530°. 
•  Q s (Cal.) 
65.50 
65.06 
65.04 
65.02 
64.95 
Qz  (Cal.) 
64.95 
64.95 
64.95 
64.95 
64.95 
0.55 
0.11 
0.09 
0.07 
0.00 Specific Heat of Iron-Carbon System at High  Temperat~t1'esJ etc.  771 
Calculated in the same way,  the heat of mixture at  1530° given 
in Table 41 and Fig. 54!  is obtained.  Thus,  the  heat  of mixtme dec-
reases  with the  increase  of  carbon concentration.  The proportional 
constant K  in the case  of mixture  of the liquid of eutectic alloy and 
that of cementite  can be obtained as before,  as  shown  in  Table  42. 
Table  42. 
._- -
C  (OJ,,)  QE  aQE  Hl  afJ  J{=  Hl_ 
afJ 
--- ..... ---
4.81  13.70  13.67  0.03  0.169 
I 
0.18 
5JJ7  20.70  20.67  0.03  0.219  0.14 
Mean K=O.16 
As  we have ah'cady secn,  the latent heats  of fusion  of pure iron, 
cementite and sustenite of 1.70% carbon at the eutectic  temperature 
are 60.22, 63.59 and 57.70 calories, and those at 1530°, 68.00, 64.95 and' 
63.2·4  calories,  respectively.  If we  find  the  relation  between  these 
values  and  carbon  concentration,  two  triangles  ABC  and  AI  B' C' 
are obtained as graphically shown in Fig. 55.  Assuming that an irol1.- , 
carbon alloy consists of a mixture of iron and cementite before melting, 
the latent heat of  fusion will fall on  the line  AB or A'  B',  if the heat 
of mixture be disregarded. 
68 
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On the other hand if the specimen  before melting  is  assumed  to 
consist of iron and austenite  of  1.70%  carbon,  or of this austenite and 
cementite  its latent heat of fusion  will fall on the lines A C  and A'  C'  ,  . 
or BC and B' C,  if the heat of mixture bc disregarded.  Thus a speci-
men is  supposed to have the latent heat of fusion of two kinds. 
Correcting  for  their  latent  heat of fusion at these  temperatures, 
l)y the heat of mixture given in the previous article,  let  us  denote  by 
Ql and Q2  the latent heats corresponding to the curves AB  HI1d AC, and 
by Yo,  Y1.7 and Co.a7 the latent heats of fusion of iron, austenite of 1.70% 
carbon  and  cementite,  respectively. 
the following equation will hold: 
CYo +dCa•67 =  (tl' 
Then,  for  a  given  specimen 
Here, a,  b,  c and (1  are the quantities of each component in one gram, 
then the above equations become 
If Q be the heat to be required when one gram of cementite dissolves 
into gamma crystal of pure iron and forms  a  gamma  crystal  of 1.7% 
carbon, then we haye 
From the curve given in Fig. 55,  ct,  b,  c,  d and Q1>  Q2'  Q can be calcu-
lated;  the numerical  data  are  given  in  Table 43.  Thus  the  heat 
required  when  one  gram  of cementite  dissolves  into gamma  crystal 
of pure iron  and forms  a  gamma  crystal  of 1.70%  carbon, is  12.66 
calories  per  gram  at the  eutectic  temperature.  Since  this  heat  is 
that  'when  one  gram  of  cementite  dissolves  into  2.92  grams  of 
gamma crystal of pure iron,  the heat  required  when  one  gram  of 
cementite dissolves  into 2.92  grams of gamm crystal of 0.9%  carbon 
concentration is 9.48 calories from the foregoing figure  35 at the  same Specific Heat of Iron-Carbon Sy.stem  at  High  Temperatures,  etc.  773 
Table  43. 
Heat of Solution of Cementite into Pure 
Gamma Iron at ll300. 
C (%) 
0.05  0.294  0.219 
1.00  0.588  0.437 
1.50  0.882  0.657 
1.70  1.000  0.745 
2.00  0.937  0.700 
3.00  0.738  0.550 
4.00  0.537  0.399 
5.00  0.336  0.249 
6.00  0.134  0.099 
temperature,  and  the  heat re-
quired  when  one  gram  of 
cementite  dissolves  into  2.92 
grams of it is  zero;  hence the 
relation  between  these  heats 
and  carbon  concentrations  of 
their solvents will be as shown 
in Fig. 56.  From this result, 
it will  be seen  that  the  heat 
0.075 
0.151 
0.225 
0.255 
0.237 
0.188 
0.138 
0.087 
0.035 
.  12 
Cd 
u 
8 
t  4 
o 
o 
Q 
0.95  12.66 
1.91  12.65 
2.85  12.(-,6 
3.22  12.64 
3.00  12.66 
2.38  12.GG 
1.75  12.G8 
1.11  12.75 
0.44  12.56 
Mean Q=12.66 
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required  when  one gram  of  cementite dissolves  into  2.92 grams  of 
Table  44. 
Heat of Solution of Cementite in Pure Iron at 1530°. 
C (%)  Q 
0.50  0.294  0.219  0.075  I  1.07  14.26 
1.00  0.588  0.437  0.151  I  2.15  14.25 
1.50  0.882  . 
0.657  0.225  3.22  14.30 
1.70  1.000  0.745  0.255  3.62  14.20 
2.00  0.937  0.700  0.237  3.40  14.37 
3.00  0.738  0.550  0.188  2.68  14.25 
4.00  0.537  0.399  0.138  1.96  14.20 
5.00  0.336  0.249  0.087  1.24  14.26 
6.00  0.134  0.099  0.035  0.50  14.29 
Mean  Q -14.26 774  Sab~tr8 Umino. 
gamma crystal decreases  as the carbon concentration increases. 
Next,  we  consider  the  same  heat  at  1530°.  If we.  calculate Q 
from  the  triangle  A'  B'  C' and take its carbon concentration as before, 
,the numerical data as  given in Table 44 are obtained.  Thus, the heat of 
solution  increases  by  l.60 calories per gram than that at the  eutectic 
temperature. 
Now.  we  consider  the  heat }'equired  to  form  gamma  crystal  of 
carbon concentration B by dissolving c  grams of cementite into gamma 
crystal of carbon concentration A, which consists  of a  grams  of  pure 
iron  and  b grams  of  cementite.  The  sum  of  heats  to  be  required 
when band, c grams  of  cerpentite  dissolve separately into  a grams of 
pure gamma crystal should be equal to the heat of solution  of (b +c) 
grani.s  of cementite into a grams of pure  gamma crystal.  Therefore, 
if Ko.c  and  K A •C  denote  the  propOltionai  constants  when  cementite 
dissolves  into  pure  gamma crystal and gamma crystal A  respectively, 
,the following  holds  good.:-· 
K  ab  +K
A
.
C  (a+b)c  =K  a(b+c) 
1'o·C  a+b  a+b+c  '>'o'C  a+b-l-c 
Rence 
or, 
K
A
•
C  (a+b)c  =K  (a+b)c  (  a  )2 
a+b-l-c  '>'o'C  a+b+c  a-l-b  ' 
whereas, from Table 43,  we gf't, 
K  (a+b)c 
.,  C  = 12.66 c. 
'0'  a+b+c 
Therefore, 
(a+b)c  (  a  )2  KA•c  =  12.66 c 
a+b+c  a+b 
Now,  if we put Specific  Heat of Iron-Carbon  System at High Temperatures,  etc.  775 
D  denoting  the  difference  in the  carbon  concentrations,  then  the 
above equation becomes 
(4) 
If we  know the composition of the solvent,  we  can  calculate  D  and 
therefore the value of Q.." A'C can be known. 
(e)  Constant K  of the Heat of Mixture in Lquids. 
As mentioned above,  the heat  of  mixture  in  the liquids  of iron 
carbon system is always endothermic reaction.  Now, let us represent 
the liquids of gamma crystal  of pure iron and 1.70 %  carbon,  that of 
delta crystal of 0.07%  carbon,  and those of 0.36,  4.30,  6.67% carbon, 
by  Yo,  Y1.7,  ~O.07'  CO•36,  C4•30  and  Co. 67,  respectively,  and also the dif-
ference in carbon concentrations of two mixed liquids by D ; then the 
proportional constant K  can be calculated in terms of D  in the follow-
mg way:-
When two liquids  A and B,  which consist of iron and cementite. in 
a given proportion, are mixed together, then denoting by K A •B  and Ko.c 
the proportional constants of the heat of mixture of liquids A  and B, 
and  of iron and cementite,  respectively, the following equation exists ~ 
K  (ab  Cd)  K  (a+b)(c+ d) 
O.c  a+b + c+d  +  A.B (a+b)+(c+d) 
-K  (a+c)(b+d) 
- O.C  (a+c)+(b+d) 
where  a,  band  c,  d  denote  the quantities  of iron  and  cementite 
contained  in  each  liquid~  Thus  the above equation will be written 
as follows:-
K  (a+b)(c+d)  -K  {  (a+c)(b+d)  _  ab  _  cd  } 
A.B (a+b+c+d)  - O.C  (a+c+b+d)  (a+b)  (c+d)' 
That  IS, 776  Saburo Umino. 
Ko.c  {ad(a+e)+bC(b+d)  _  cd(a+b+c+d) } 
K A .B =  (a+b)(c+cl)  (a+b)  (c+cl) 
So  that, 
_  {  be-ad  }2=K  {  b  _  d  }2 
-Ko.c  (a+ b)(c+ d)  o.e  '(a+b)  (c+ d) 
K  _  Ko .c  {0.0667  b 
A.B- (0.0667)2  (a+b) 
_  0.0667d}2 
(c+d) 
Here,  as the term in the bracket represents the difference J) of carbon 
concentrations in the two liquids,  we  have 
K  =  K o.e  D2 
A.B  (0.0667)2 
Table  45. 
Proportional Constant for  the Heat of 
Mixture at 1130° and 1530°. 
Liquids 
')'1.7(1  I 
')'1.70  I 
°0.07  I 
C4•30  I 
')'0  I 
Yo 
C4.ao  I 
CG•S7  I 
CO•36  I 
C6•67  I 
CG•6?  I 
1.70 
I  I 
.  I  I  j  2.60  4.97  0~29  2.37  6.67  1.70  DxlO-2 
0.20  0.51  0.13  0.16  0.86  0.22  I  I  J  i  I 
I 
, 
I  I  I 
K  I----~~----~~----~------~~----~~----~~------
1530° I  0.32  1.09  I 
0.18  0.22  1.96  0.32 
In the  case  of the liquids  at temperatures  11300  and 1530°,  the 
value  of K o.e  becomes  0.86 and 1.96 respectively, as has been already 
obtained.  So  the above equation will be written as follows :-
KA B(n30") =  (  0.86)  D2= 198 D2 
.  0.0667 2 
and  K  1.96  D2  ·D2 
A.B(I530
0)= {O.0667)2  =  440 
From  these  equations,  we  see  that  the  proportional  constant  KA.]J Specific Heat of Iron-Carbon  System at  High Temperatures,  etc.  777 
2.0 
v~ 
J( 
.  ~ 
./  V  t 1.0 
l/ 
V  !/' 
is  proportional  to  the  square 
of  the  difference  of  carbon 
concentrations in liquids A  and 
B.  The results of calculation 
of this  com  stant at  U300  and 
1530° are  given  in  Table  45, 
and  the  relation  between  K 
and  D  is  graphically shown in 
two curves in Fig. 57. 
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Fig.  57. 
(8)  Heat of Mixture of Solids in Iron-Carbon System. 
The present writer has also confirmed that the same law of mixture 
III  liquids  holds  good  for  two  solids.  The  heat  of transformation. 
the  heat  of  fusion  or  solution  and  the heat  of reaction  may be 
considered to be the heats required when a  solid transforms into the 
other, a  solid  dissolves  into solid or liquid, and a  liquid reacts with a 
solid to form a  uniform solid, respectively.  Hence, the present "vriter 
intended to calculat~ these heats according to the law of mixture. 
.  '.  ;  . 
(a)  Constant of the Heat of Solution of Cementite 
in Gamma Crystal of Pure Iron. 
From the for.egoing  table 43,  1;he  constant of heat of solution was 
calculated and the result is given in Table 46. 
Table  46. 
Constant of the Heat of Solution at 1130°. 
C (%)  b  (o-a) d=a{3  (QI-Q21=H1 
HI 
a/3 
K 
0.5  0.294  0.0164  0.95  17.03 
1.0  0.588  0.0659  1.91  17.06 
1.5  0.882  0.1476  2.85  17.04 
1.7  1.000  0.1899  3.22  16.96 
2.0  0.937  0.1658  3.00  - 16.95 
3.0  0.738  0.1034  2.38  17.00 
4.0  0.537  0.0550  1.75  17.08 
5.0  0.336  0.0217  1.11  17.18 
6.0  0.134  0.0035  0.44  .  16.85 
. Mean  K  17.02 778  Saburo  Umino. 
Thus  the heat of solution HI> by which cementite dissolves into gamma  ,'.  . 
crystal of pure iron,  is  proportional  to  the product  oc{J,  and is  given 
by the equation 
ab 
1Im=K -;--~ 
(a+ b)2 
So,  as in the case of liquid, the constant K A .B  of the heat of mixture 
of two  gamma irons  of respective  carbon concentrations becomes 
•  We shall next consider the heat of solution of cementite into gamma, 
crystal of pure iron at Al point.  The following table contains the latent 
heat of fusion Qyo  of pure gamma crystal, that of cementite QC6.07'  that 
of gamma crystal of 1.7% carbon concentration Qyl.7'  respectively. 
Table  47. 
Heat of Solution at 720
0
• 
L.H.F·I 
-
11  t2  Sl  S2  AQI  Qt  Ql+AQI 
QyO  I 
1530°  720°  0.1928  0.1688  19.44  68.02  48.58 
Qe6'67  I 
1600°  720°  0.1733  0.1603  1l.44  65.0  53.56 
Qn'7  I 
1530°  720
0 
0.1875  ·1  0.1674  16.28  63.24  46.96 
By drawing a triangle as in Fig. 55,  the heat of solution of cementite 
at 720
0  has been obtained as before and the result is given in Table 48. 
C (%) 
0.5 
. 1.0 
Table  48. 
Heat of Solution of Cementite into Gamma 
Crystal of Pure Iron at 720°. 
c-a (Yo)  d  (c) 
0.294  0.219  0,075  0.84 
0.588 .  0.437  0.151  1.69 
Q 
11.20 
11.19 SPecific  Heat of Iron-Carbon System at High Temperatures,  etc.  779 
C(%)  c-a (Yo)  I  d  (el  Q 
1.5  0.882  0.657  0.225  2.52  11.20 
1.7  1.000  0.745  0.255  2.86  11.23 
2.0  0.937  0.700  0.237  2.66  11.23 
3.0  0.738  0.550  0.188  2.11  11.23 
4.0  0.537  0.399  0.138  1.55  11.24 
5.0  0.336  0.249  0.087  0.97  11.15 
6.0  0.134  0.099  0.035  0.39  11.14 
Mean  Q=11.21 
Thus, the heat of solution to be required when one gram of cementite 
dissolves  into. gamma  crystal  of pure  iron at  Al point  to  form  a 
homogeneous  gamma  crystal of  1.7%  carbon concentration becomes 
11.21  calories.  If we  calculate the  constant K  as  in Table 46,  the 
result given in Table 49  is  obtained. 
Table  49. 
Constant of Heat of Solution at 720°, 
C (%)  b  (a-c) d=a(3 
. 
(QcQz)=Hl 
Hl 
a(3 
=K 
0.5  0.294  0.0164  0.84  15.05 
1.0  0.588  0.0659  1.69  15.11 
1.5  0.882  0.1476  2.53  15.05 
1.7  1.000  0.1899  2.86  15.05 
2.0  0.937  0.1658  2.66  15.04 
3.0  0.738  0.1034  2.11  15.09 
4.0  0.537  0.0550  1.55  15.14 
5.0  0.336  0.0217  0.97  15.01 
6.0  0.134  0.0035  0.39  14.94 
Mean  K=15.05 
So the constant K A •B  for the heat of solution at 720° becomes 
K' =  15.05  D2= 3383D2. 
A.B·, . . (0.0667)2 
As  gIven in Table  44,  the' heat of solution to  be  required when  one 
gram  of cementite  dissolves  into the gamma  crystal  of pure iron  at 
1530°  is  14.26  calories,  and  consequently  the  value  of K  becomes 
K l5S0o= 19.18. 780  Sab2trO  Umino. 
Therefore, the constant K A •B at a temperature of 1530°  can  be written 
. as  follows: 
K
A
•
B =  19.18  D2= 4310D2. 
(O.0667)! 
Thus, the constants  of the heat of solution in the case of two  gIven 
gamma  crystals  and  also  the  heat  at  these  temperatures,  are 
collected in Table 50. 
Table  50. 
Heat of Solution of Cementite and Temperatures. 
Temperature  I 
720
0  I 
.1130
0 
1 
1530° 
Q  I 
11.21  I 
12.66  I 
14.2G 
K.".c  I 
15.05  I 
17.02  I 
19.18 
KA.B  I 
3383 D2  I 
3825 D2  I 
.. _---
4310 D2 
The relation  of the heat of solution  of cementite to temperature 
is graphically shown in Fig. 58,  and that ofKA .B  to the temperature is 
shown in Fig.  59. 
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Finally, if we find the ratio of the constants for the heat of mixture 
in  liquid  and  solid  phases  at  the  same· temperature,  the  result 
given in Table 51 and Fig. 60 are obtained. 
Table  5l. 
Comparison of Constants in the cases of Liquids and Solids. 
Temp.  ("C)  1000  1130  1300  I 
1530 
J{A.B  (Solids)  3680 D2  3825D2  4030 D2  I 
4310 D2 
.-~.---~ 
K4.B (Liquids)  113.7 D2  193 D~  298D2  I 
440D2 
Ratio  32.3  19.8  13.5  I 
9.8 
::q 
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Fig.  60. 
From this result, it will be seen that the constant K A .R  in case of liquids 
is much less than that of solids. 
(b)  Heat of Solution of Cementite along the 
Solubility Curve. 
The heat of solution of cementite has been  already given In the 
foregoing tables  23 and 24; this heat is one required when cementite 
dissolves into the gamma crystal of the corresponding carbon concent-
ration to form a  uniform gamma crystal.  The constant of the heat 
of solution in the  case  of 'cementite  and gamma  crystal  of  0.9 % of 
carbon at 7200  and 1130
0  can be obtained from  Table  50;  thus 782 
K7200 =3383 x (0.0577)2=11.25. 
K 1l32o=a825 X (0.0577)2=12.73. 
From  these  quantities,  the  heat  of  solution of cementite  h  or  the 
heat per gram of cementite II can be obtained; the result of calcula-
tion  is  given in  Table 52,  and is  almost the same as that given in 
Table 24. 
Table  52. 
Heat of Solution  of Cementite at 720°. 
C (%)  FeaC  Yo  J(  I 
H 
-
0.9  11.25 
l.05  0.0260  0.9740  11.25  0.284  10.94 
1.33  0.074~  0.9254  11.25  0.776  10.41 
1.57  0.1162  0.8838  11.25  1.154  9.93 
1.70  0.1388  0.8612  11.25  1.344  9.68 
The same Heat at llaO
o
• 
0.90  12.73 
l.05  0.0260  0.9740  12.73  0.3218  12.37 
1.33  0.0746  0.9254  12.73  0.8770  11.75 
1.57  0.1162  0.8838  12.73  1306  11.24 
1.70  0.1388  0.8612  12.73  1.520  10.95 
Fig. 61 shows the same result graphically; here H varies in a direct 
proportion  to' carbon  concentration  c and  is  given by the equation 
H=Ac+B, 
where A= -1.93 and B=12.87 at 720° and A= -2.20 and B=14.70 
at ll30°.  II will vanish at the concentration C=,-A/B; with the 
above values  of A  and B,  this ratio becomes 6.67,  which  as  is  to be 
expected,  is  the concentration of cementite. 
13 
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Next,  we  shall  calculate  the constant  K  of the heat of solution 
along the solubility line; K A .B  is obtained by Fig. 59,  and K  from it, as 
given in the table below: 
C (%) 
---- - - -.----
0.90 
1.05 
1.33 
1.57 
1.70 
Table  53. 
Constant of Heat of Solution  of Cementite 
along the Solubility Curve. 
Temp.  KA.B 
720
0  3383 D2  (0.0577)2 
870  3540D2  (0.0562)2 
1005  3680D2  (0.0534)2 
1092  3780D2  (0.0510)2 
1130
0  3825 D2  (0.0497)2 
K 
11.25 
11.16 
10.49 
9.83 
9.43 
By this result, the heat of solution of cementite along the solubilif;y 
line can be obtajnecl. 
(c)  Constant of the Heat of Al Transformation. 
The constant of the heat of Al transformation Can  also be calcu-
lated, as is given in Table 54. 
Table  54. 
Constant of the Heat of Al Transformation at 720°. 
-
C (%)  a  (Fe)  b (FesC) 
ab  Heat of  K  H 
a+b  Ai Transf. 
--~-
0.5  0.481  0.075  0.065  9.00  138.5  119.8 
0.9  0.865  0.1346  0.1165  16.10  138.2  119.5 
1.7 
. 
.  0.745  0.1162  0.1006  13.89  138.1  119.6 
3.0  0.560  0.0855  0.074  10.25  138.2  119.9 
4.0  00400  0.062  0.0536  7.41  138.2  119,4 
5.0  0.250  0.039  0.033s  4.66  138.2  119,4 
6.0  0.100  0.Q16  0.0138  1.91  138.2  119.2 
Mean K=138.2  H=119.5 
Here, as the heat of Al transformation, the mean values of the observed 
results is taken, and H  is the heat required when one gram of cementite 
dissolves  into  gamma  crystal  to  form  a  mnform  crystal of 0.9% 
carbon.  Thus the mean values of K  and H  al'e 138.2 and 119.5 calories 784  S(tbttr{)  Umino. 
respecti  velly. 
Next, ive  shall consider the value of the heat of Al transformation 
at the eutectic temperature 1130°.  Using the same notation as before, 
the heat of A1 transformation  of a  sepcimen containing 0.9 % carbon 
at 1130
0  can be calculated as follows: 
16.10+(1l30-720) (Syo'9-aSao-bSd 
= 16.10 +(1130 -720) (0.157 -0.1671-0.0221) 
=2.90. 
So the heat required per gram of cementite becomes 
2.90 +0.1346 =21.55 calories. 
Also, in the case of a specimen of 0.9 % carbon concentraion, we get 
1.70 calories from the interpolation of the data given in Table 43,  and 
therefore the hcat required when one  gram of cementite dissolves into 
the gamma crystal of zero carbon is 
1.70+0.1346=12.63 calories. 
The quantities of alpha and gamma crystals and the heat of solution of 
cementite in these two phases are summarised below : 
Table  55. 
Heat of Solution of Cementite at 1130°. 
C (%)  a (grams)  Yo  (grams)  Calories 
0.9  6.425  -- LOO  2L55 
0.9  - 6.425  1.00  12.63 
a -+ yo=8.92 
This value  of the difference is the heat of transformation from alpha 
to gamma crystal; if it is referred to O\le gram, it becomes 1.39 calories. 
This  value  nearly  coincides  with that  obtained  by  extrapolation  of 
the curve in Fig.  29. 
In the same way the heat of Al transformation at 920
0  becomes 
16.10 +(920 -720) (0.149 -0.1741 -0.0211/) =6.70. 
The heat of Al transformation at  720°,  920
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obtained,  the constant l{ is  calculated and given in Table  56  and in 
Fig.  62. 
Table  56. 
Constant 'of Heat of the Al Transformation. 
, 
Temperature  a (Fe)  fJ  (Fe3C)  afJ  Al  l{ 
a+fJ  . 
. --~'  -
I 
I  720  0,8654  0.1346  0.1165  16.10  138 
920  0.8654  0.1346  0.1165 
j 
6.70  58 
1130  0.8654  0.1346  0.1165  2.94  25 
The heat of transformation as well as its constant continuously decreases  . 
with  the rise  of temperature.  Similarly  ,ve  can  obtained the  same 
heat in other percentages of carbon at a given temperature, the numeri-
cal data of which are shown in Fig. 63. 
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(d)  Heat of Reaction as Heat of Mixture. 
The  heat  of  reaction  at  different  carbon  concentrations,  when 
cemcntite and gamma crystal of 1.70% carbon mix together with eaeh 
other to form  a  uniform liquid of  4.3 % carbon concentration can be 
obtained from the heat of eutectic reaction given in Fig. 9; from these 
values  the constant of the heat of reaction  can be  calculated.  The 
result is given in Table 57.  By using this constant, we can obtain the 
heat of rcaction of a  specimen of any carbon concentration.  The same 786  Sabu,ro  Umino. 
constant is equal to the heat of mixture, when two grams of each liquid 
mix together with each other. 
Table  57. 
Constant of the Heat of Reaction at 1130°. 
C (%)  Q (Cal.)  af3  I{ 
2.0  7.0  0.029  24:1.4 
3.0  30.6  0.125  24:Ui 
4.0  53.9  0.221  24:1.:1 
4.3  GO.8  0.250  24:1.4 
5.0  42.9  0.176  243.2 
6.0  17.1  0.070  243.0 
Mean ]{  = 243.3 
Next,  we  shall consider the latent heat of fusion  at the  eutectic 
point,  of a  specimen,  for  which  it  is  assumed  that  cementite in the 
specimen  dissolves  into  gamma  crystal of 1.70% carbon to form  a 
uniform gamma crystal.  From the foregoing  table  50,  the constant 
in the case  of mixture of  cementite  and  gamma  crystal  of  1.70 % 
carbon  becomes 
K =3825 X (0.050)2 =9.4 calories, 
and in the case  of a  lower  percentage  of carbon than the above,. it 
becomes 
K=3825 X (0.017)2=Lll calories. 
Thus, if we calculate the heat of fusion of solids,  the results tabulated 
in Table 58  are obtained. 
Table  58. 
Heat of Fusion in Solid at 1130°, 
C (%1  Hl (Cal.) 
.. _. 
0.5  0.706  0.294  0.23  59.47  59.24 
1.0  0.412  0.588  0.27  58.74  58.47 
3.0  0.261  0.7385  1.82  59.25  57.43 
4.3  0.523  0.477  2.35  60.79  58.44 
5.5  0.765  0.235  1.70  62.19  60.49 SPecific  Heat of /ron-Carbon System at  High Temperatures,  etc.  787 
Here, in the case of specimens of 0.5 and 1.0% carbon,  (J.  represents the 
quantity  of  gamma  crystal in pure iron,  and in the  other case the 
quantity of cementite, and  {J  is  always  that of the gamma  crystal  of 
1.  70 % of carbon.  Ql  represents  the  latent  heat  of  fusion  of the 
specimen and is  obtained frOTH  Figs. 44  and 45  by interpolation of Q/ 
curves, and therefore the latent heat of fusion of the specimen consist-
ing of gamma crystal of a uniform concentration will be Q",. 
In the same  way,  if we assume that a  given specimen consists of 
cementite and gamma crystal of pure iron, the heat of solution between 
these two components can be calculated ; the results are given in Table 
59. 
Table  59. 
Heat of Solution in Solid  (Yo +  FesC). 
C (%)  a (Yo)  f3  (FesC)  up  K(Yo+FeaC)  HI (Cal.) 
0.5  0.925  0.075  0.0693  17.02  1.18 
1.0  0.8506  0.1495  0.1271  17.02  2.16 
1.7  0.7455  0.2545  0.1899  17.02  3.23 
2.5  0.625  0.375  0.2343  17.02  3.90 
3.0  0.541  0.459  0.248  17.02  4.22 
4.3  0.356  0.644  0.229  17.02  3.90 
5.0  0.252  0.748  0.1885  17.02  3.21 
6.0  0.100  0.900  0.090  17.02  1.53 
The  relation  between  Q",  and  its  carbon  concentration  given 
in Table 58 is graphically shown in  Fig. 64.  It  will  be  seen  in  the 
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triangle  ABC that  the heat corresponding to  the  difference  between 
the line  AC and the· curve AC, or that between the line Be  and the 
curve BC, is  Hi given in Table .58,  and the difference of heats betwecJI: 
the line AB and the curve ACB is  HI given in Table 59. 
The  constant  of  the heat  of  peritectic  reaction  can  also  be 
calculated as before; the results  are given  in  Table 60.  Here,  Hp 
represents the heat of peritectic reaction.  As  already remarked,  the 
peritectic  reaction  on  heating  is  always  endothermic.  Knowing  the 
value of K, the heat of reaction  of  a  specimen  of  any  concentration 
can be obtained by calculations. 
Table  60. 
Constant of Heat of Peritectic Reaction at 1487°. 
C (%)  a+b 
I 
a  b  a  b  Hp (Cal.)  l{ 
(YO'13)  (YO'36' )  (  ° 0'07)  a+b 
0.09  0.333  0.069  0.264  0.0546  I  4.90  89.5 
0.11  0.667  0.138  0.529  0.1092  9.75  89,4 
0.13  1.000  0.207  0.793  0.1640  14.70  89.6 
0.15  0.913  0.189  0.724  0.1495  .  13,40  89.6 
0.20  0.6955  0.1435  0.552  0.1137  10.20  89.6 
0.25  0.478  0.100  0.378  0.0791  7.06  89.2 
0.30  0.261  0.054  0,207  0.0428  3.83  89.5 
Mean l{=89.5 
Similarly the heat of reaction, when delta crystal of 0.07% carbon 
and gamma crystal or'O. 36 %  carbon'mixeach other to form  a  uniform 
gamma crystal of 0.13 % carbon,  can be calculated.  The latent heat 
of fusion  of the gamma crystal of 0.36 % carbon at the eutectic point 
is  already given in Table 14, and therefore the same quantity at the 
peritectic temperature can be deduced.  Since  the value at 1130
0  is 
59.75  calories,  that at 1487
0  can be obtah{ed as  before: 
59.75+(1487-1130) (0.191 7-0.1727)=66.53. calories. 
From this value,  the heat evolved :8:1'  when different quantities of the 
liquid  of  the same  concentration  solidify,  can  be  calculated.  Then 
the difference  Hp-H,  is  the  required  heat  of  mixture  of  two  solid SPecific Heat of Iron-Carbon S  .. ystem at High TempJratures, etc.  789 
phases,  and thc constant in this case  can also  be  obtained,  as  glven 
in  Table 61. 
Table  61. 
Constant of thc Heat of Mixture of 00'07 and  YO'36 at 1487
0
• 
C (%)  a  ab 
Hp-Hl 
(  '>'0.36)  a+b 
K 
0.09  0.069  0.0547  !  4.90-4.59=0.31  5.68 
0.11  0.138  0.1092  9.75-9.17=0.53  5.32 
0.13  0.207  0.1640  14.70-13.77=0.93  I  5.67 
0.15  0.187  0.1495  13.40-12.57  =0.83 
I  5.5G  I 
0.20  0.1435  0.1137  10.20-9.55=0.65  5.71 
0.25  0.100  0.0791 
I 
7.06-6.65=0.41  5.19 
0.30  0.054  I  0.0428  3.83-3.59=0.24  5.61 
By means of this constant,  ,ve  can calculate  the hcat  of transform  a-
timl from delta crystal of 0.07 % cal'bon  to gamma  crystal  and  the 
{c:mlt  is  found to be 1.13  calories  pOl'  gram. 
(9)  Space-Model representing the mutual relation 
of Heat Content, Temperature and 
Carbon Concentration. 
Based on the  observed  results,  the  present writer tried to  show 
the mutual relation of heat content, temperature and carbon concent-
ration by a  space model, for  which he adopted Professer  K. Honda's 
diagram of iron-carbon system(36),  shown in Fig.  65.  Thus on each 
point in the diagram, a line perpendicular to the plane of the diagram 
is  eTected  and its  length  is taken as pToportional to the heat content 
at that point;  thus a  surface  showing the mutual r.elation of the heat 
content, temperature and carbon concentration is  obtained as is shown 
in Fig. 66, the same relation in the vicinity  of the peritectic reaction is 
also shown in another model, Fig. 67, in a  magnified scale. 
(36)  Sci.  Rcp.,  1. c. 790  Saburo  Umino. 
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Peritectic Reaction. 
Fig.  67. 
It is seen from the space-model that all lines in iron-carbon diagram 
find  the  corresponding  space  lines  in the  model,  and that  along  the 
lines of the diagram in which during heating an abrupt or continuous 
heat absorption is  observed, the surface  of the model shows an abrupt 
or  continuous rise  respectively;  at-;  an  example  of the  first  case,  the 
heat content along the eutectic and Al lines and as that of the second 
case, the heat content along A 0' A 2,  As lines, etc., may be cited. 
§  IV  Summary of the Present Investi~ation. 
1.  Heat Content and  Specific Heat. 
(1)  Heat  contcnts  of  19  kinds  of  alloys  in  iroll-carbon  system 
..  ranging from 0.07 to 5.07%  carbon  are  measured by the  method  of 
mixture  at  different  high  tem.peratures  up  to  beyond  the  melting 792  Saburo Umino. 
point of these  alloys,  and the heat  content temperature relation  has 
been obtained therefrom. 
(2)  The abrupt increase of the heat-content occurs at the  peri-
tectic, eutectic, Al and Aa transformation points,  but in other changes 
of state, the heat content shows a gradual change. 
(3)  The mean specific heat of different steels and cast irons increases 
with carbon  content and also  with the rise of  temperatme.  It ab-
l'uptly increases  at eutcctoid point and also  in the  coexisting  range 
of solid and its melt, but after the fusion, it diminishes slowly. 
(4)  The  true  specific  heat  generally  increases  with  the  rise  of" 
temperature,  but in  crossing  the  solubility  curve  of  cementite,  an 
abnormal change is  recognized.  During fusion,  it abruptly increases, 
and  afterwards  remains  constant,  but this  value  gradually  decreases 
with the content of carbon. 
(5)  At Ao and A z points, the true specific heat shows an  abnormal 
change. 
2.  Heat  of Reaction, Heat of Solution 
and  Heat of Transformation. 
(1)  The  heat  of peritectic  reaction  has been  obtained  from  the 
difference in heat content before  and after the peritectic  temperature, 
and the relation between the heat and the carbon concentration is  also 
obtained.  The  heat  of  peritectic  reaction  of  a  specimen  of 0.13% 
carbon concentration is  Vl.7 calories per gram. 
(2)  The heat  of solution  of gamma crystal below  0.13%  carbon 
into  delta  crystal  of  the  corresponding  carbon  concentration  has 
been calculated; its amount decreases with the rise of temperature. 
(3)  The  heat  of  eutectic  reaction  has  been  obtained  from  the 
difference  in heat  content  before and after the  eutectic  temperature, 
and  the latent heat  of  fusion  of  eutectic  alloy  is  found  to  be  GO.n 
calories pel'  gram of the specimen. 
(4)  The heat of transformation and that of solution of alpha into 
gamma  crystal  at the  Aa  transformation  point have  been  obtained. Specific  Heat of Iron-Carbon  System at  High  Temperat~tres, etc.  793 
The former begins from  5.59  calories in pure iron  and  ends  in 16.60 
calories per gram in 0.9% carbon, and the latter from  5.59  calories to 
16.74 calories in the same carbon concentration, respectively. 
(5)  From the  mutual relation of heat content,  temperature and 
carbou  concentration  for  iron-carbon  system,  the  heat  content and 
specific heat of cementite at high temperatures can be obtained.  The 
heat  of  Ao .transformation in  cementite  is  found  to  be  9.35  calories 
per gram. 
3.  Heat of Fusion and Latent Heat of Fusion. 
(1)  The  heat  of fusion  of  gaffilna  crystal on the  solidus,  when 
it  melts  into  the  liquid  of  the  corresponding  carbon  concentration, 
is 57.8 calories pel' gram for gamma crystal of 1.70% carbon, and 67.2 
calories for that of 0.13%  carbon,  respectively;  it is  a  function  of 
temperature and carbon concentration. 
(2)  The heat of fusion  of delta  crystal to melts into  the  liquid 
of the  corresponding  carbon  concentration is  64.9  calories  per· gram 
for delta crystal of 0.07% carbon, and 65.3 calories for that of 0.03 % 
carbon,  respectively; it is also  a  function, of teIl1perature and carbon 
concentration. 
(3)  The latent heat of fusion  itself has been  obtained from the 
extreme value of the heat of fusion.  This heat  'is  slightly  less  in 
every case than that of fusion. 
(4)  From the mutual  relation  of the heat-content,  temperature 
and carbon concentration, the  latent heat  of fusion  of cementite has 
been obtained by extrapolation, and this heat becomes 65.0 calories per 
gram; its melting point is estimated to be 1600°, 
4.  Heat of Mixture  • 
.. (1)  From  the  difference  between  the  heat  of 'fusion  by  which 
delta, gamma crystal or ,cementite melts into the liquid of the corres-
ponding  carbon  concentration,  and the latent heat  of fusion itself at 793'  Saburo  Umino. 
the same  temperature, the heat of mixture to be required,  when they 
mix with each other,  has been obtained. 
(2)  From the difference between the latent heats of fusion of pure 
gamma crystal and 1.7% carbon or  cementite at a  given temperature, 
the heat of solution, by which a solid dissolves into the other, or the heat 
o()f  transformation  or reaction can be obtained. 
(3)  If a  and b be the quantities of two liquids or solids respecti-
vely,  the heat of mixture Hm  can be given by the following equation 
where 
The constant K  is  a' function  of temperature t and of the difference of 
carbon concentrations  D  in two materials. 
(4)  In the case of the mixture of two liquids, the constant K  has 
always  the following form: 
K  f(t) D2=(O.6158t-503)D2; 
but, in the case of solids, f(t}  is expressed by a  quadratic function of 
temperature. 
(5)  The  heat  of  mixture  of  two liquids  or  two solids  is always 
endothermic reaction, except the case of solution of delta into gamma 
-crystal. 
.  In . conclusion,  the  present  writer  wishes  to  express  his  cordial 
thanks to Professor K. Honda, the Principal of the Tohoku Imperial 
University,  for  his  kind  guidance;  he is  also  very  grateful  to 
Dr.  T. Noda,  the  former  Director "of' the' Reserach  Institute  of  the 
Imperial  Government  Steel  Works,  Mr. T. Kuroda,  the  former  chief  .  . 
of  the  Fourth  Department  of  the  same  Institute,  Professor M.  Ono 
of  the  Kyushu  Imperial  University,  Mr.  S. Kokubo,  the  Assistant 
Professor  of the Research Institute lor Iron,  Steel  and Other Metals, SPecific  Heat  of Iron-Carbon  System at High  TemperatztJ'es,  etc.  793" 
Tohoku . Imperial University,  Sendai,  for their  valuable  advice.  It 
should  also  be  mentioned  that the present work owes very much to 
the following  assistants;  Messers.  T.  Nakahata,  Y. Okada, M.  Seto, 
K. Ishii,  S. Koga  and  T. Tsukada who  cooperated in the experiments 
during several years with untiring efforts. 
Research Institute of the Yahata Steel Works. 
Yawata. 